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ABSTRACT 
In recent years the industry has been exhorted to increase its use of offsite technologies, 
or 'Modem Methods of Construction', in order to address the under-supply and poor 
build quality of housing. Despite the well-rehearsed benefits of such technologies, the 
take-up within the industry has been slow. Many studies have attempted to scrutinise 
the barriers and seek solutions, but the perspectives and practices of housebuilders of 
using offsite remain unclear. This is significant given that housebuilders contribute 
nearly 90% to the housing unit completions by the industry overall. 
This thesis aims to provide a strategy for optimising the use of offsite in housebuilding 
by investigating UK housebuilders' views on, and utilisations of, such technologies. 
This has been achieved through a combination of a survey of the top 100 firms, a one- 
and-half-year case study of a large housebuilding organisation, and a series of validation 
interviews and group exercises, within the existing theoretical framework. The thesis 
reveals that the current low level of offsite usage in large housebuilders was likely to 
increase given the pressures to improve quality, time, cost, productivity and health & 
safety. However, a wider take-up was inhibited by perceived higher capital costs, 
interfacing problems, long lead-in time, delayed planning process and current 
manufacturing capacity. For addressing this a framework of strategies is presented, 
surrounding changing the industry's perceptions, improving procurement, providing 
better cost data, tackling planning and regulations, encouraging political levers, and 
providing guidance on decision-making and offsite integration. 
The thesis then contextualises these findings into the organisational and project 
contexts, examining the historical and current offsite practices within the general 
housebuilding business. It reveals that housebuilders primarily aspired to improve 
business efficiency and mitigate financial risks through the use of offsite despite a 
complicated agenda for such usage. For using offsite housebuilders developed strategies 
centred on process, procurement, learning & benchmarking, and training. However, the 
current heuristic approach to decision-making, coupled with the lack of knowledge of 
build system selection (BSS) for housebuilding, prevents the benefits from offsite being 
fully realised. A robust, structured and transparent decision support tool for BSS is 
developed, transferring knowledge in operational and construction management 
research to the housebuilding context. It provides an improved decision-making process 
and databases for system selection. Both the process and data were validated within the 
wider industry and academic domain, by which the tool was claimed as an effective 
mechanism for optimising the use of offsite and enhancing organisational learning. 
The thesis contributes to a better theoretical understanding of offsite and provides 
strategies for its increased take-up in housebuilding. This helps housebuilding 
organisations to achieve long-term profitability, but also contributes to addressing the 
current under-supply of housing. The thesis also contributes to knowledge of decision- 
making and construction management research. This has an implication for wider 
organisational and decision theory. 
Keywords: Build system selection (BSS), Decision-making, Decision support tool, 
Housebuilders, Housebuilding, Offsite technologies, Perspective, Practices, Strategy. 
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Chapter I- Introduction 
I INTRODUCTION 
1.1 Introduction 
The housebuilding industry has been challenged to review their use of construction 
methods. This has been driven by skills shortages, new regulations, environmental 
performance standards and a Government-led drive to build more and improve quality. 
Offsite technologies have been promoted as a way of resolving all of these issues. Many 
argue that offsite technologies offer potential benefits in the areas which include quality, 
time, health & safety, sustainability and life cycle cost. However, the usage of offsite 
technologies is currently much lower than it could be. This study explores how offsite 
technologies could be used appropriately by housebuilding organisations. The decision- 
making process in build system selection is currently based on the heuristic approach, 
and should be improved. This introductory chapter presents the context for the use of 
offsite technologies within the housebuilding sector in the UK. It also introduces the 
aims and objectives of the research, outlines the research methodology and describes the 
structure of the thesis. 
1.2 Research Context 
With a focus on the increasing demand for housing, this section presents the skills 
profile in the industry, the policy and planning context and the regulatory framework of 
the current housing supply. Ibis context, coupled with the current high profile 
promotion of offsite within the sector, suggests a need to address the use of such 
technologies for housebuilding. 
1.2.1 Housing Supply Context 
Since the 1960s the number of UK housing completions has been on a downward trend, 
but, at the same time, there has been a significant rise in the number of households 
(ODPM, 2005e). The number of households is forecast to increase by 3.8 million 
between 1996 and 2021, equivalent to around 150,000 each year (DETR, 2000). Recent 
statistics even show that there will be 39,000 more new households formed in the UK 
each year than was previously thought, up from the estimate of 150,000, which was 
based on 1996 statistics (Barker, 2003; ODPM, 2005e). 
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Concurrent with the under-supply of housing is the problem of skills shortages faced by 
the construction industry. The workforce available to the industry is shrinking and the 
demand for skills required for profitable construction is increasing (Constructing 
Excellence, 2004a). Construction companies are operating in an increasingly 
competitive environment for skilled labour. New working relationships, through 
partnering, and changing technologies require new skills (Housing Forum, 2004). 
Modem Methods of Construction (MMC) is the term used by the UK Government to 
describe a number of innovations in housebuilding, most of which are offsite 
technologies, moving work from the construction site to the factory (Gibb, 1999). Ile 
Housing Forum (2004) skills report claims that the housebuilding sector experiences a 
more acute skills supply problem than construction in general. It suggests that 
employment issues, an ageing workforce, new skills sets, the increased use of labour 
from overseas and the emphasis on MMC continue to challenge the housebuilding 
industry. The Government's agenda for increasing the supply of housing to meet the 
projected demand in sustainable communities, and for the renovation of the existing 
stock, means that the need for a larger and more skilled workforce is more important 
now than ever before Obid). 
A number, of recent policy papers set out the Government's objectives for delivering a 
better supply of housing through the planning system. The Planning Policy Guidance 
Note 3 (PPG3) (ODPM, 2000) introduces a new approach to planning for housing. This 
aims to use land more efficiently to reduce the pressure on greenfields and for creating 
well-designed sustainable communities of sufficient density to support public transport 
and social infrastructure. The ODPM five-year plan (2005e) sets out a new agenda for 
opportunity, choice, quality and. fairness of housing supply. The current Planning for 
Housing Provision Consultation Paper (ODPM, 2005b) proposes a new policy approach 
to making the planning system more responsive to the housing market. The evolutionary 
change of the policy and planning context undoubtedly drives the housebuilding 
industry to think more about the way in which they deliver housing supply. 
In terms of the regulatory framework, the ODPM five-year plan aims to promote more 
sustainable, high-quality design and construction, reduce waste, and improve resource 
efficiency. Also, the plan promotes more sustainable buildings, saving energy, water 
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and materials and helping to meet the target of cutting UK's carbon emissions by 60% 
by 2050. Despite great progress made in improving the sustainability of buildings and 
their contents, the position remains that more than a quarter of the UK's carbon 
emissions come from energy used in homes and more than half of water used is from 
homes (ODPM, 2005d). The public and the development industry are concerned about 
climate change, both globally and at home, and recognise that, without serious and 
sustained actions, the effects will worsen. 'Me ODPM is introducing a Code for 
Sustainable Homes (ibid) by which to encourage house buyers to use their purchasing 
power to acquire a more sustainably-built home. It is expected that this will offer a new 
direction to housebuilders for delivering sustainable building standards. 
The overall context and the under-supply of housing underline the need to build more 
homes to meet the needs of housing demand and the economy (Barker, 2004; ODPM, 
2005e). The housebuilding industry has been challenged to review their way of working 
and to seek alternative approaches to delivering high quality, sustainable housing in a 
more productive manner. 
1.2.2 The Need to Address the Use of Offsite in Housebuilding 
Given the demand for housing in the U& concerns abound as to whether traditional 
methods are able to meet housing demand and quality standards (Barker, 2003; ODPM, 
2003; Housing Foram, 2002). Barker warned that the under-supply of housing is 
constraining economic growth and prosperity. The Barker Review (2003) suggested that 
offsite technologies could both improve the quality of construction and address skills 
constraints in the industry. It has been widely documented that offsite technologies offer 
potential for reductions in cost, time, defects, health and safety risks and environmental 
impact and a consequent increase in predictability, whole life performance and profits 
(e. g. Buildoffsite, 2005; Gibb, 1999; Housing Forum, 2000; Parry et al., 2003; 
Sparksman et al., 1999; Venables et al., 2004). 
However, both the nature and the scale of innovation in the UK housebuilding industry 
are very conservative in comparison with other countries (Hooper, 1998). The industry 
has been shown to be slow to adopt innovative building technologies (Ball, 1999; 
Barlow, 1999; Roskrow, 2004). Concerns with housing built by MMC exist in a wide 
range of industry players (POST, 2003). The Barker 33 Cross Industry Group Study 
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(2006) reveals that people in the industry understand MMC differently. T'here has been 
a debate on the similarities and differences between the concepts of MMC, innovation, 
offsite and alike. However, a unified definition of offsite does not exist at the moment 
and the interpretations on such technologies and their use remain diverse. This, together 
with other barriers, provides a problematic context for the take-up of offsite 
technologies. Consequently, the industry has been prevented from achieving a step 
change in the way it delivers housing in both qualitative and quantitative terms. 
1.2.3 Existing Knowledge of Offsite in Housebuilding 
This section outlines the existing knowledge of offsite in housebuilding in relation to 
the concept (for a detailed review see 2.2,2.3 and 2.5), the driving forces and inhibiting 
factors (3.5), and the recommendations for increasing its take-up (4.2). A chronology of 
the contextual Govermnent and industry research/initiatives on offsite and housing since 
1994 is provided in Section 3.5.1, and a chronological review of the use of offsite in 
housebuilding during the last nearly 100 years is presented in Section 3.4. 
Existing knowledge of the conceptfocused and the gap 
The concept of offsite is not new. However, past research has used a range of 
definitions for describing offsite. Ibis includes PRE-category terms (e. g. prefabrication, 
pre-assembly, prefabulous), OS-category terms (e. g. offsite production (OSP), offsite 
fabrication (OSF), offsite manufacturing (OSM)), MM-category terms (e. g. modem 
methods of construction (MMC), modem methods of concrete construction), and 
Building-category terms (e. g. system building, industrialised building, non-traditional 
building). The literature also reveals the existence of a few myths on offsite in both the 
industry and academic at large. They include that offsite is innovative; offsite is the 
same as MMC; offsite can only produce non-traditional-looking housing; and offsite 
production and onsite construction are mutually exclusive. 
Existing knowledge of the perspectives explored and the gap 
The perspective, of either the industry as a whole or individual groups of professionals 
in particular, on the use of offsite has been largely studied. This provides the industry 
context of current offsite applications. However, this extant body of work has not 
explored the perspectives of housebuilders per se. It is reasonable to argue that 
housebuilders, among the wide range of industry stakeholders, hold a very important 
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position regarding whether or not to take up offsite. This is because, in the UK, 
housebuilders contribute nearly 90% to the new build housing supply by the industry 
overall (POST, 2003). Given the fragmented and pyramidal structure of the industry it is 
significant to explore the perspective of large housebuilders on offsite. This is because 
large firms contribute to the vast majority of housing developments and hence, are key 
to the wider take-up of offsite in the future. 
Existing knowledge of the drivers and barriers investigated and the gap 
The literature has explored a diverse range of driving forces and inhibiting factors to the 
use of offsite in housebuilding. In the industry domain, the drivers include offsetting 
skills shortages, addressing the under-supply of housing, demonstrating 'Egan' 
compliance, meeting the changing building regulations, etc. Within specific projects, 
the drivers are centred on reducing health and safety risks, ensuring cost and time 
certainties, improving quality, enhancing sustainability and addressing site specifics and 
other constraints. An increased use of offsite has been inhibited by a combination of real 
and perceived barriers. Many people are thinking that building by offsite techniques is 
more expensive than by traditional construction methods. A general negative industry 
perception on the use of offsite exists, largely due to the historical context and the risk- 
averse culture of the industry. The planning system and the complexity in changing 
building regulations are highly concerning to industry. Little research has examined 
how the drivers and barriers affect the early decision-making process, or how the 
approach to offsite can be integrated into the general housebuilding business. 
Existing knowledge of the recommendations provided and the gap 
Existing literature has established a high-level framework of recommendations for the 
take-up of offsite in the industry. It has also looked at some of the good practices in 
using offsite technologies. However, many of the recommendations provided to date 
remain at the industry level. There remains a lack of strategies for implementation in 
housebuilding organisations. Furthermore, it has been claimed that early commitment is 
key to realising the potential benefits from using offsite (e. g. Gibb, 1999). However, 
very few studies have tracked the decision-making process of whether to use offsite 
and, thereafter, what types of offsite techniques and systems to choose. The lack of 
research on decision-making contributes to the continuous use of traditional approaches. 
Also, little research has explored the decision criteria for assessing the use of offsite in 
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the housing sector. The paucity of criteria makes the assessment and selection of offsite 
technologies less transparent and many benefits still unrealised. 
Given the current Government promotion of MMC, a number of studies have taken an 
approach of attempting to advocate the use of modem methods. However, the complex 
context of the housebuilding sector and the nature of housebuilding business with 
speculative land-acquisition (e. g. Roy et al., 2003) have been overlooked. Some studies 
have realised that offsite is not and should not be regarded as a panacea for all 
housebuilding organisations and projects. However, there still exists an apparent lack of 
understanding on how to apply offshe appropriately (Pan et al., 2004). This is 
significant as the industry has been presented with a very wide range of options of 
offsite techniques and systems available from the market (see Mtech Group, 2004a). 
Many studies have also attempted to justify the current manufacturing capacity for 
delivering the housing supply as targeted by the Government. However, the supply 
chain integration in construction seems to be an elusive goal to achieve (see Briscoe and 
Dainty, 2005). To sum up, all these studies have provided a sound base for the industry 
on which to move towards an increased take-up of offsite approaches. However, most 
studies have not provided strategies for the selection of offsite techniques, and few have 
examined the match between the context of housebuilding organisations, and the use of 
different offsite approaches. This contributes to the current reluctance of the industry to 
use offsite. Within this context this research has been carried out to provide a strategy' 
for housebuilding organisations to optimise the use of offsite technologies. 
1.3 Purpose of the Research 
This section leads the reader to the research questions. After that, the section introduces 
the aim and objectives of the study and explains the delimitations of the research scope. 
1 Attempts to define 'strategy' abound in the existing literature. The reader is advised to appreciate the 
term 'strategy' used in this thesis within the context of its usage. A brief review of the term and how it 
should be understood in the thesis is provided in Section 4.2. 
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1.3.1 Research Questions 
The research context presented above leads to the emergence of a primary research 
question which is addressed in this thesis: "How can housebuilders optimise the use of 
offsite technologies? " 
This question is imposed in order to develop a strategy for housebuilders to optimise the 
use of offsite technologies. However, to answer this question requires preliminary 
knowledge of housebuilders' perspectives and current practices on the use of offsite. 
Unfortunately, the existing literature outlined above does not provide such a knowledge 
base for answering the primary question. Therefore, this study sets four significant 
secondary research questions: 
1) What is the housebuilders' perspective on drivers and barriers for the use of offsite 
technologies? 
2) What are housebuilders' attitudes towards the current and potential use of offsite? 
3) What are housebuilders' strategies for overcoming barriers and maximising the 
benefits of offsite? 
4) How can housebuilders improve their utilisation of offsite? 
1.3.2 Aim and Objectives 
The need to address the use of offsite technologies in housebuilding, coupled with the 
failure of previous research in studying housebuilders, presents a fundamental problem 
for the industry. Housebuilders must be engaged in the take-up of offsite technologies in 
order to address the under-supply of housing and to improve quality performance. 
Within the research context and guided by the research questions, the overall aim of the 
study is to provide a strategy for housebuilders to optimise the use of offsite 
technologies. To achieve this aim, several research objectives have been developed: 
To clarify the concept of offsite and provide a workable definition of offsite in 
housebuilding with the organisational context embedded (Objective 1); 
To identify the perspectives of housebuilders on the use of offsite, including 
their attitudes, the driving forces and inhibiting factors, and the potential use of 
offsite (Objective 2); 
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* To reveal housebuilders' current practices in using offsite. technologies 
(Objective 3); 
To explore the current strategies and learning points of housebuilders for the use 
of offsite (Objective 4); 
To develop a robust, structured and transparent decision support tool for 
housebuilders to optimise the use of offsite technologies (Objective 5); 
* To validate the decision support tool in terms of both the data included and the 
decision methods used (Objective 6). 
Descriptions of the formulation of the objectives and relevant research issues are 
integrated into the literature review chapters (2,3 and 4) to show that the objectives and 
issues are grounded on the existing body of knowledge. An overview of the objectives, 
research issues and relevant contributions of the study is provided in Table 1.1. The 
term research issues is used in this thesis instead of hypotheses as a hypothesis is a 
tentative proposition that is a subject of verification through the investigation. 
Hypothesis should clearly and specifically state the position for the argument or 
investigation (Naoum, 1998) and should be tested in research (Silverman, 2005), whilst 
research issues can also be general statements, acting as a framework upon which 
research aims and objectives can be achieved (Dainty, 1998). 
1.3.3 Defimitation of Research Scope 
Delimitations are the planned, justified scope of research within the researcher's 
control, whilst limitations are boundaries beyond his or her control (Perry, 1994). 
Whilst the limitations of the study are discussed later in the thesis (10.7), the research is 
confmed to the following scope delimitations. 
This thesis is not a pure technical report of offsite technologies, though the 
technical properties of many offsite techniques and systems are included. 
* The research is based on the UK situation with regard to housebuilding, though 
the international context is mentioned where necessary. 
One of the research objectives of this study was to develop a decision support 
tool for build system selection. However, the current version of the tool 
developed includes an eight-step process (see Figure 8.1), a set of soft 
checklists/guidance (Appendix D and see 8.4-8.11), and a series of Excel 
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spreadsheets with data from six leading housebuilders (Appendix G, H& J). The 
development of the tool into a user-friendly, IT-based software is not included in 
this study, but could be pursued as part of the future research (see 10.8). 
The thesis argues that offsite is not a panacea (e. g. 3.6). This, coupled with the 
critical review of its historical evolution (3.4), leads to the suggestion of the 
forethought that offsite is not going to take over 'the world'. However, detailed 
technical analysis of offsite and traditional methods is out of the research scope. 
1.4 Outline of Research Design & Methodology 
In addressing the research questions and objectives (1.3), the design of this research 
embodies the use of multi philosophical positions. This includes objectivism and 
constructivism at the ontological level, and positivism and interpretivism at the 
epistemological level (Chapter 5). Traditionally, a research design is done at the early 
stage of a study when it seems to be less likely for the researcher to grasp the gap of 
knowledge to which contributions can be made. The thesis suggests that the research 
design should embody a mechanism for continuously reviewing, modifying and refining 
the whole process from clarifying the research concept to developing final 
recommendations. The mixed-methods design was used in the research, which is useful 
to capture the best -of both quantitative and qualitative approaches (Creswell, 2003; 
Gillham, 2000; Greene et aL, 1989; Tashakkori and Teddlie, 1998). Concurrent 
procedures were planned in terms of strategy of inquiry, by which the researcher 
converged quantitative and qualitative data in order to provide a comprehensive analysis 
of the research problem (Creswell, 2003). 
1.4.1 Overview of the Research 
An overall process of the research is mapped out on Figure 1.1, which includes the main 
research steps: literature review, the exploratory and supplementary work, the 
housebuilder survey, the case study and the Build System Selection (BSS) validations. 
This map illustrates the research design in addressing the research objectives. Literature 
review and the exploratory work were designed to help understand the existing body of 
knowledge and the research context in relation to the use of offsite. Also, the 
housebuilder was identified as an under-researched but important area in respect to the 
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take-up of offsite. Given that little has been known of the housebuilder per se, a survey 
was set up to identify their perspectives and practices of using offsite. The survey was 
carried out through the combination of a questionnaire survey and personal interviews. 
A framework of strategies for optimising the use of offsite technologies in 
housebuilding: was developed, from which decision-making was highlighted as an 
important and critical area to make contributions to. This was further investigated 
through an in-depth case study of a large housebuilding organisation. The case study 
aimed to contextualise the survey results into the organisational environment and the 
project context and, then, develop a strategy to improve the decision-making in build 
system selection. The BSS tool developed was then validated through face-to-face 
interviews with five large housebuilders and group coursework (see 5.6.5.2) by 26 
groups of university students from three programmes related to construction 
management. The supplementary studies were designed to provide a wide 
comprehension of related knowledge and to obtain a gasp of the trend of offsite-related 
research and practices in the community at large. A comparative discussion stage was 
designed to integrate the results from the surveys, interviews, the case study and 
validations, and, thus, to unveil the relationships between the findings and the existing 
body of knowledge. This aimed to produce overall recommendations from the study. 
1.4.2 Data Collection Methods 
As discussed above, the, study included the research types of desk study, survey, case 
study and validation. The survey involved the use of the data collection methods 
including questionnaire survey, interviews and document analysis. The case study, 
which lasted for one and half years, integrated the use of document analysis, 
questionnaire, interviews, workshops, observations, meetings, site visits and informal 
conversations. The multi methods were triangulated to minimise the degree of 
specificity of certain methods (Frankfort-Nachmias and Naclunias, 1996; Gillham, 
2000) and to address the initial research questions. The validation mainly used the 
methods of interviews and group coursework. All of the data collection methods, 
together with the strategies/procedures of their implementation, are justified and 
explained in the thesis in a detailed, explicit way (see 5.4,5.5 and 5.6). This not only 
adds the trustworthiness of the research but also provides 'a replication logic' for the 
researcher who is interested in the use of similar methods and techniques. 
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Figure 1.1 Overview of the research steps and outcomes 
MAIN RESEARCH STEP SUB-STEP 
Literature Review 
Exploratory Work 
Collect & compile 150 case 
study cameos of using oftsite 
in construction in general 
Investigate the perspectives of 
a wide range of industry 
professionals of using offsite 
through face-to-face interviews 
Attend industry & academic 
conferences, seminars and 
Supplementary Study workshops 
Survey large insurers, lenders, 
ders warranty provi 
The House uilder Questionnaire survey of 
Survey the top 100 firms 
Personal interview wit 
large firms 
Case I The study of Countryside 
-IOJ Properties at the group 
level 
The study at the 
subsidiary level 
The study at the project 
level: Sportcity 4 and 
DidsIbury 5 
Face-to-tace interview 
with five large 
housebuilders 
Group coursework by 26 
groups of university 
students in Const. Mgt. 
OUTCOMES 
The research context was clarl ed 
The definitions of offsite were cfliariiied. 
A workable definition of offsite was 
provided with the organisational 
context embedded. 
The perspectives and strategies of the 
wide industry were obtained, including 
attitudes, drivers, barriers and 
strategies. 
The housebuilder was identified as the 
unit of analVsis. 
This helped obtain a wide 
comprehension of the use of offsite, a 
grasp of the trend of off site research 
and practices in the community at 
large. 
" Housebuilders' perspectives and 
practices were explored, including, 
their attitudes, the drivers & barriers, 
their current & potential usage of 
offsite, strategies and learning. 
" The results from the housebuilder 
survey were contextualised to the 
organisational context and specific 
projects. 
" The process in which offsite is 
integrated into the housebuilding 
business was investigated. 
"A robust, structured and transparent 
strategy (BSS) was developed. 
J _ 
" The BSS tool was validated in terms of 
the overall decision-making process 
for build system selection and the data 
provided in the tool. 
"A checklist of decision criteria was 
developed. 
" Databases of weights of criteria and 
performance measurements of 
systems were built up. 
Note: Main study components are in shadow. detailed in Section 5.4,5.5 and 5.6. 
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1.4.3 Data Analysis Methods 
In relation to the nature of the data collected the study involved a combined use of 
Quantitative Data Analysis (QnDA) and Qualitative Data Analysis (QIDA). QnQA was 
based on the use of descriptive statistics (Christensen and Stoup, 1991). It summarised 
and described the data collected. The descriptive statistics also enabled a broad picture 
to be discerned of the perspectives of participants in the study. For QnQA a number of 
strategies were taken and they included: to revisit the research aim and objectives (see 
Koshy, 2005), to clarify the types of variables, to combine the use of univariate and 
bivariate analysis (see Bryman, 2004; Christensen and Stoup, 1991), and to make the 
best of the computer software of Microsoft Excel. QIQA was based on the use of the 
approach 'analytic induction' (Patton, 2002; Taylor and Bogdan, 1984). Two 
fundamental strategies were taken for QIDA. One was to use a basic form of content 
analysis (Weber, 1990) to analyse qualitative data collected using structured methods, 
which entails the quantification of themes in order to establish frequencies and 
correlation between variables (Bryman, 1989). The other was to use the process 'coding, 
theme-ing and pattern-ing' (Patton, 2002) to analyse the qualitative data collected using 
un- or semi-structured methods. For analysis all audio recordings were transcribed 
verbatim, for which the parts of the transcripts which were irrelevant and unimportant 
were taken out of analysis for practical purposes (Simister, 1995). Nevertheless, this 
reduction did not detract from the deep meanings that have emerged from the analysis 
(Miles and Huberman, 1994). Results emerged from the analysis were interpreted 
objectively and taken back to existing knowledge for discussion. The main research 
outcomes were validated in a wider context. For interpreting results and presenting 
findings a balance between description and interpretation (Denzin, 1989; Patton, 2002) 
was maintained to provide the reader with a better understanding of the research context 
and the results. 
1.5 Overview of Research Issues & Contributions 
An overview of the research objectives and issues, and where and how they are 
addressed in the thesis, and the related contributions of the study is provided in Table 
1.1. 
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1.6 Organisation of the Thesis 
This thesis is organised into ten chapters. Figure 1.2 presents a diagrammatic 
representation of the thesis, illustrating how the chapters interrelate and a logical flow to 
the final recommendations of the study. The content of the chapters is briefed as 
follows. 
Chapter I introduces the context of the study, presents the aim and objectives, outlines 
the research design and methodology and presents the structure of the thesis. 
Chapter 2,3 and 4 review the relevant literature. These are significant because the 
literature review leads to the design of the study and the setting up of methodology. The 
body of existing knowledge provides the context where the research problem exists and 
the study is to contribute to. Chapter 2 introduces the concept of offsite and the 
taxonomies of offsite technologies. Ibis chapter also investigates the relationship 
between offsite and other related concepts including innovation and MMC. Chapter 3 
provides the context of UK housing supply and the overview of the use of offsite in the 
industry. Within the background of the historical evolution of offsite technologies in 
housebuilding, this chapter prospects the potential future usage of such technologies. 
Chapter 4 explores the historical and current state of the practices of using offsite 
technologies in the industry and the strategies in selecting build systems within the 
context of general decision-making. 
Chapter 5 presents the research design and methodology. Drawing on the literature 
review and exploratory work, and guided by the philosophical considerations, the 
research approaches that address the research aim and objectives are defined. Ibey, 
collectively, lead to the selection and use of a wide range of data collection methods. 
This chapter also explains the techniques used in the analysis of both qualitative and 
quantitative data. 
Chapter 6,7 and 8 present the main data collection and analyses, discuss the findings 
with the existing knowledge, and lead to the development of theory and formulation of 
final recommendations. Chapter 6 reports the survey of the top 100 housebuilders on 
15 
Chapter I- Introduction 
the use of offsite-MMC 1. This mainly includes the presentation of housebuilders' 
perspectives and practices of using offsite. The survey is supplemented by a small 
survey of large insurers and mortgage lenders on their perspectives of offsite-MMC and 
related recommendations for housebuiders. Chapter 7 reports on the one-and-half-year 
case study of Countryside Properties. The case study shows the evolution of the take-up 
of offsite technologies in the company during the period. It examines the strategies and 
learning points for using offsite of the company within the context of the general 
housebuilding business. It also reveals the decision-making process, demonstrated by 
the reporting of the group, one of its subsidiaries and two offsite projects. Chapter 8 
presents a decision support tool for build system selection. This chapter explains the 
development of the tool from the early housebuilder survey and the case study and also 
discusses the validations of the tool through wide empirical experiments in both the 
academic and industry domain. 
Chapter 9 integrates and discusses all of the data and findings from the surveys, 
interviews, the case study and validations. By revealing the relationships between the 
emerging outcomes and existing knowledge previously revealed in Chapter 2,3 and 4, 
the final recommendations from the study are developed. 
Fina. Ily, Chapter 10 presents the conclusions derived from the study, highlights the 
contributions, points out the limitations of the study and suggests recommendations for 
future research. 
There are two defining characteristics of the organisation of the thesis. Firstly, there is 
an introduction and a summary section for each of the chapters. This should provide the 
reader with a better grasp of the logical flow of research arguments. Secondly, the main 
data collection and analysis chapters (6,7 and 8) are presented separately, each 
reporting a discrete but interrelated study component. Each of these chapters also 
includes* clarifications of results where necessary, though the overall discussion of 
results is provided in Chapter 9. 
I The term 'offsite-MMC' was used in the housebuilder survey (Chapter 6) to encourage responses as 
MMC is currently promoted by the Government. The relationship between offshe and MMC is explained 
in Section 2.3. 
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Figure 1.2 The structure of the thesis 
CHAPTER I- INTRODUCTION 
Introduction to the topic, background and context of the study. 
The need for a study to address the use of offsite technologies In housing construction. 
I 
Objectives, methodology outline and overview of the thesis. 
I 
CHAPTER 2- DEFINITIONS & 
TAXONOMIES OF OFFSITE 
Definitions and taxonomies of offslte. 
Categorizing the many offs1te terminologies. 
Clarifying the relationship between offslte and 
other offsite-related concepts. 
CHAPTER 5- RESEARCH DESIGN & 
METHODOLOGY 
Philosophical considerations for the research 
and a strategy for Investigating housebullders' 
use of offsIte 
CHAPTER 3- OFFSITE IN HOUSEBUILDING 
The context of UK housing supply. 
The historical evolution of offsite In UK housebuilding 
during the last 100 years, and the current use of offsIte 
Including the usage, the driving forces and Inhibiting 
factors. 
CHAPTER 4- OFFSITE: STRATEGIES & 
DECISION-MAKING 
The current state of the topic which Includes existing 
strategies for using offsite In the industry (a wide 
context) and decision-making in build system selection. 
CHAPTER 6- THE SURVEY OF THE TOP 100 HOUSEBUILDERS OF 
THE USE OF OFFSITE-MMC 
Housebuilders' current offslte-MMC practices and strategies In use. 
The need for a decision-making supportive tool for the selection of 
building systems. This Is supplemented by a small survey of large 
lenders and Insurers on their recommendations for housebuilders. 
CHAPTER 7- THE CASE STUDY OF COUNTRYSIDE PROPERTIES 
OF USING OFFSITE 
The use of offslte at the organizational level. The development and 
practice of strategies. The current decision-making process on the use 
of offsite in company and project context 
CHAPTER 8- THE DEVELOPMENT & VALIDATION OF THE 
BSS Tool 
The development of the Build System Selection (BSS) tool. 
Validation of the BSS tool using selected large housebuilders 
(via interviews) and university students (group coursework). 
CHAPTER 9- DISCUSSIONS & RECOMMENDATIONS 
Relationships between emerging findings & outcomes and existing theories. 
Recommendations from the findings. 
CHAPTER 10 - CONCLUS! ONS 
Conclusions, contributions, Implications and 
limitations of the study. 
Recommendations for future research. 
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1.7 Summary 
This chapter has introduced the research context. The housebuilding industry has been 
challenged to consider using alterative construction methods by skills shortages, new 
regulations, environmental performance standards and a Government-led drive to build 
more and improve quality. Offsite has been promoted as a solution to addressing these 
challenges. However, its current usage remains much lower than it could be, so this 
chapter has suggested the primary research question "How can housebuilders optimise 
the use of offsite technologies? " After identifying the need for investigation, the chapter 
has presented the aim and objectives of the study and the structure of the thesis. It has 
also provided an outline of the research design and methodologies, and an overview of 
the research issues and the contributions to knowledge of the thesis. All of these, 
together, should allow the reader to build a logical flow to the development of the final 
recommendations of the thesis. 
18 
Chapter 2- Definitions & Taxonomies of Offsite 
2 DEFINITIONS & TAXONOMIES OF OFFSITE 
2.1 Introduction 
In pursuance of the research objectives, this chapter provides a workable definition of 
offsite in housebuilding with the organisational context embedded. The chapter begins 
with a critical review of the many offsite-related terminologies and their definitions 
existing in the literature. It then provides a categorisation of these terminologies, by 
their affixes, e. g. OS-, PRE-, MM- and Building-categories (see Table 2.2). This 
structures the understanding of the terms and reveals the context issues associated with 
them. The chapter also clarifies the relationships between offsite and other seemingly 
similar but distinct concepts such as MMC and innovation. The chapter also presents 
taxonomies of offsite technologies, which suggests no substantial differences between 
them. All of these, collectively, lead to the provision of a workable definition of offsite 
in housebuilding with the organisational context embedded. The clarified concept of 
offsite and the definition provided for this study provide a basis of understanding for the 
thesis. 
2.2 Existing Definitions in Relation to Offsite 
The historical evolution of the concept of offsite has seen the use of a wide range of 
terminologies including standardisation, prefabrication, non-traditional, system building, 
industrialised building, pre-assembly, offsite fabrication, offsite manufacturing, offsite 
production and modem methods of construction. Most of these are still in use by their 
proponents. It has been claimed that a lack of proper understanding of the concept is 
inhibiting an increased take-up of MMC (Barker 33 Cross Industry Group, 2006). This 
section clarifies the many existing terminologies and definitions in relation to offsite by 
reviewing the evolution of the concept of offsite in the UK during the past century. An 
overview of the representative definitions of the concept of offsite is shown in Table 
2.1. 
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Table 2.1 Representative definitions of the concept of offsite 
Prefabrication The production under factory conditions of components that may be used in building, and 
Ministry of Works the pre-assembly of such components into complete units of a building. 
(1944) c. f. White 
Sheppard (1946) The assembly, in varying degrees, ot parts ot sub-assemblies into sections to be assembled 
into a structure, as distin uished from the assembIV of parts durinq erection of the builqýing. 
White (1965) A continuing trend, with many fluctuations, to manufacture always more of a building under a 
factory roof, be it only a temporary factory at or near the site. It was also taken in its wider 
sense to include examples of non-traditional building which exhibit or which may have 
influenced prefabrication. 
Tatum etaL (1986), "a manufacturing process, generally taking place at a specialised facility, in which various 
_ý 
ý. Gibb (1999) 
_ 
materials are Lo ined to fwrn a componmtpaýqRf the final installation. " 
See Sarja (1998) A buildings production where the components or assemblies are manufactured fully (full 
prefabrication) or partly (composite construction) in factories and assembled together on site. 
Industrialised An extremely broad definition of Inclustrialised Building that includes both rationalised 
Building traditional and in situ construction. (Published by MHLG replaced by DoE) 
Housinq Statistics 
see Sarja (1998) The building technology where Modern systernatised metnoos or clesign, proauction planning 
and control, as well as mechanised and automated manufacturing, are applied. 
-1ire-assembly "a process by which various materials, prefabricated components, and/or equipment are 
Tatum et al. (1986), joined together at a remote location for subsequent installation as a sub-unit. It is generally 
c. f. Gibb (1999) focused on asyMem. " 
Gibb et al. (1997) "For a given piece of work, the organisation and completion of a substantial proportion of its 
final assembly work before installation in its final position. It includes many forms of sub- 
assembly. It can take place on or ofi-site, and often involves standardisation. " 
off-site fabricafion "Off-site fabrication is a process which incorporates prefabrication and pre-assembly. The 
Gibb (1999) process involves the design and manufacture of units or modules, usually remote from the 
work site, and their installation to form the permanent works at the work site. In its fullest 
sense, off-site fabrication requires a project strategy that will change the orientation of the 
project process from construction to manufacture and installation. " 
MMC typically involves the manufacture of house parts oftsite in a specially designed factory, 
POST (2003) though it can also include innovative site-based methods. The two main products of MMC 
are: 
" Panels - including ready-made walls, floors and roofs. These are transported to the site 
and assembled quickly, often within a day. Some panels have wiring and plumbing 
already inside them, making construction even faster. 
" Modules - ready-made rooms, which can be pieced together to make a whole house or 
flat but are used most frequently for bathrooms or kitchens, where all the fittings are 
added in the factory. Also known as 'pods'. 
Barker 33 Cross "Modern methods of construction are about better products and processes. They aim to 
Industry Group improve business efficiency, quality, customer satisfaction, environmental performance, 
(2006) sustainability and the predictability of delivery timescales. MMC is, therefore, more broadly 
based than a particular focus on product. It engages people and in particular process to seek 
__improvement 
in thedelivery and performance of construction. " 
ODPM (2004) cf. A process to produce more, better quality homes in less time. 
NAO (2005b) Panellised units are produced in a factory and assembled on-site to produce a three 
dimensional structure. Open panels consist of a skeletal structure only, whereas more 
advanced panels may include lining material, insulation services, windows, doors, internal 
wall finishes and external claddings. 
Volumetric construction involves the production of three-dimensional modular units in 
controlled factory conditions prior to transport to site. 
Hybrid techniques combine both panellised and volumetric approaches. Typically, 
volumetric units (sometimes referred to as pods) are used for the highly serviced and 
more repeatable areas such as kitchens and bathrooms, with the remainder of the 
dwelling or building constructed using panels. 
Other modern methods of construction may use floor or roof cassettes, pre-cast concrete 
foundation assemblies, pre-formed wiring looms, and mechanical engineering composites. 
They can also include innovative techniques such as tunnel form or thin-joint block work. 
A crLide form of prefabrication began before the iron age when timber 'crLIcks' for 
cottaues and barns were prepared at or near the site of felling, whilst prefabrication in C, 
the industry sense began in the LJK with the application of cast and wrought iron to 
building (White, 1965). However, there had been no substantial prefabrication in 
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housing construction until the time of two World Wars. Within that period many 
definitions were provided of prefabrication, but none of them were entirely satisfactory 
because they all failed to distinguish between mass-produced materials and mass- 
produced components (Sheppard, 1946). This was echoed by the observation by White 
(1965) that the term "prefabricatioe' appeared to have been used vaguely to cover a 
variety of notional concepts to which few people remained indifferent but of which 
most had little real apprehension. Despite the many attempts to defme prefabrication, 
"none of them has discovered a really succinct definition of the term", and some 
attempts to distinguish only seemed to confound the confusion regarding the concept 
(White, 1965: 2). Prefabrication was closely associated with new methods of 
construction and, in particular, system building, but many systems were not based on 
the use of prefabricated components (Finnimore, 1989). The theory of standardisation in 
building technology, borrowed from the manufacturing industry's attempts to maximise 
repetition and therefore economy and precision, led to the more radical concept of 
prefabrication, or the manufacture of standardised building components away from the 
building site (ibid). 
The term "non-traditional" was used for system building during the 1940s, and another 
term "new-traditional" was invented in the early 1950s by a government that was eager 
to encourage apprehensive local authorities in the wider acceptance of unconventional 
building methods (Finnimore, 1989). During the 1960s the term "industrialised 
building" became the popular description for rapid technical advances in building. This 
term was adopted as it became apparent that mass producing buildings was a more 
complicated matter than "prefabrication" implied. Industrialised building was the 
application of a broad range of features associated with industrial production methods. 
It encompassed all forms of system building, and the more efficient forms of traditional 
construction (Finnimore, 1989). The definition of industrialised building used in 
Housing Statistics during the period from April 1967 to May 1971 was extremely broad, 
including both rationalised traditional and in situ construction. This definition was 
criticised by McCutcheon (1989: 44) for that "neither of which rely heavily upon 
prefabricated methods, theformer being streamlined traditional, construction involving 
little or no prefabrication of sections of a building, and the latter comprising methods of 
pouring concrete on site". According to McCutcheon (1989), it was useful to 
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distinguish between industrialised building as defined in Housing Statistics and 
industrialised building which concentrated upon prefabricated construction. 
Since the publication of the Egan Report (1998), many studies used offsite terms such 
as "offsite fabrication", "offsite manufacturing" and "offsite production". An example is 
the study by Gibb (1999) that provided a succinct definition of offsite fabrication to 
cover both prefabrication and pre-assembly as described in previous research (Gibb et 
al., 1997; Tatum et al., 1986). Around the time of the publication of the Sustainable 
Plan (ODPM, 2003) and the Barker Review (2003) another terminology, "I"MIC", 
emerged. Due to Government promotion the term "MMC" soon became a "catch-all" 
encompassing all new, innovative construction technologies used to improve efficiency 
and quality. These included onsite innovations as well as offsite technologies. The next 
section clarifies the relationship between MMC and offsite. 
2.3 Offsite and MMC 
Though many of the offsite terminologies (2.2) are still in use, offsite and MMC 
become the two main schools of thought regarding the concept. They have been 
gradually regarded as two "banners" under which improvement in efficiency and quality 
is pursued in respect to the use of offsite technologies. These two concepts are currently 
often used interchangeably. They are, however, distinct. Whereas all offsite may be - 
regarded as falling within a generic MMC heading, not all MMC may be regarded as 
offsite, e. g. thin joint blockwork and "Tunnel Form" (see Birkbeck and Scoones, 2005; 
Burwood and Jess, 2005; Lusby-Taylor et al., 2004). 
Buildoffsite, the current UK industry-wide campaigning organisation promoting greater 
uptake of offifte, claimed that the key components of offsite included (Buildoffsite, 
2006): 
9 offsite is the production of assernýlies of components, panels, volumetric units 
or whole building sections away from the place of installation. 
0 offsite takes many forms and can be applied across all sectors of construction 
and on all construction projects. 
offlite is a process involving manufacture away from the site and installation of 
these manufactured assemblies on site. It represents an important sub-set in the 
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wider family of MMC which Government is actively promoting to the 
construction industry. 
The CABE/Housing Corporation report (Lusby-Taylor et al., 2004) claims that MMC is 
a broad category that embraces a variety of build approaches, including offsite 
manufacturing. ODPM (2004, cS. NAO, 2005b: 3), for the purpose of awarding grants, 
defined MMC as a process to produce more, better quality homes in less time. In order 
to seek to embrace innovation in process, people and product/component issues as well 
as systems, the Barker 33 Cross Industry Group study (2006) attempted to unify the 
definition of MMC (see Table 2.1). A recent study (NAO, 2005b), drawing on both 
definitions by ODPM and the Barker 33 Cross Industry Group, examined the 
behaviours; and processes necessary to maximise construction efficiency in relation to 
using offsite. 
Integrating the knowledge of these two main schools of thought enables a conclusion to 
be drawn that offsite represents a main and important sub-set of a wider family of 
MMC, which is being actively promoted by the Government. Not every NIMC, 
however, is necessarily an offsite application and many offsite techniques are not 
4modern' but have been used for decades. Nevertheless, both offsite and MMC are a 
combination of people, process and product. Overlooking any of these three elements 
risks the fulfilment of the potential benefits. 
2.4 Categorisations of Offsite Terminologies 
The many terminologies and definitions of offsite, collectively, provide a rich historical 
account of the development of the concept. They also reveal a wide range of contextual 
issues which were associated with the definitions. No previous research has explored 
the relationships between these terminologies. This section provides an approach to 
distinguishing the many offsite terminologies by their affixes. This generates four 
categories of terms: OS, PRE, MM and Building (Table 2.2). 
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Table 2.2 Categorisations of offsite terminologies * by affix 
Terminology * Representative literature 
OS-category temzs 
Offsite Production (OSP) Gorgolewski et al. (2002); prOSPa 
Offsite Manufacture/ing (OSM) Ong (2004); Venables et al. (2004) 
Offsite Fabrication (OSF) Gibb (1999); Housing Forum (2002); 
Parry et al. (2003) 
Offsite Construction (OSC) OSC Journal 
PRE-category terms 
Pre-assembly Gibb et al. (1997); Gibb (2001b); 
Sparksman et al. (1999) 
Prefabrication Edge et al. (2002); Sheppard (1946); 
White (1965) 
Prefabulous Birkbeck and Scoones (2005) 
Prefab Fabprefab (2006) 
MM-category terms 
Modem Methods of Construction (MMC) Barker 33 Cross Industry Group (2006); 
Lusby-Taylor et al. (2004); NAO 
(2005b); ODPM (2003) 
Modem Methods of House Construction Ross(2005) 
Modem Methods of House Building POST (2003) 
Building-category terms 
System Building Finnimore (1989) 
Non-traditional Building Ross (2002) 
Industrialised Building CIDB (2003); McCutcheon (1989); Sarja 
(1998) 
* Only the terminologies standing for offsite as a whole are included. For terms related to offsite 
applications, the reader may refer to the recent buildoffsite Glossary of Terms (Goodier et al., 2005) and 
the updated version (Gibb and Pendlebury, 2005). Apromoting Offsite Production Applications (prOSPa). 
This categorisation reflects the historical evolution of the concept of offsite. The 
Building-category terms, and prefabrication and prefab from the PRE-category were 
used before the Latham Report (1994) and can be tracked back to the two World Wars 
or earlier. Some are also still used today. The Egan Report (1998) triggered the use Of 
the OS-category terms in many Government and industry research/initiatives. 11be MM- 
category terms emerged around the time of the publication of the Government's 
Sustainable Plan (2003) and the Barker Review (2003,2004). This evolution ends up, to 
date, with a combined use of many of the terminologies by their proponents. The 
historical evolution of the concept speaks for itself in which the use of the terms is not 
simply a choice of technical words or phrases. Instead, the use of new technology is the 
outcome of a combination of political, economic and social policies (Finnimore, 1989). 
This underlying principle is reflected in the approach taken to categorising, and is also 
taken for analysing the external context of housebuilding organisations; in relation to the 
use of offsite in this thesis (e. g. 7.5.3). Care should be taken when clustering definitions, 
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however, as there are some subtle differences between the definitions, which can impact 
on the nature of the terminologies and the way in which they are used. The many terms 
seem to be similar but the distinctions are critical as they can often affect peoples' 
perceptions. 
2.5 Offsite as Innovation? 
This section presents the concept of innovation which, coupled with the early 
explanation of offsite, helps to question the assertion that offsite and innovation are two 
similar concepts. 
2.5.1 The Concept of Innovation 
Almost everyone explores innovation from their own perspective and within their own 
context. Nevertheless, deconstructing these definitions can facilitate understanding of 
this nebulous concept. It has been widely accepted that 'newness' is one of the basic 
elements of innovation (Cripps, 2002). Rogers (2003: 12) defmed it as "An idea, 
practice, or object that is perceived as new by an individual or other unit of adoption. " 
This "new" does not necessarily mean to all but the unit of adoption, which brings forth 
the importance of context when defining innovation. 
Another element is successful exploitation of new ideas. Egbu and Young (1998: 256) 
defined innovation as "the successful introduction, application and exploitation, within 
a role, group or organisation, of ideas (process, products, services, technologies and 
markets) new to the unit of adoption which is designed to significantly benefit the 
individual, the group or the organisation. " HM Treasury (1998) also indicated that 
innovation is the successful exploitation of new ideas and new ways of doing things. 
Van de Ven (1986) outlined four basic factors facilitating and inhibiting the 
development of innovations, which are new ideas, people, transactions, and institutional 
context. Gann (2004) suggested that the key points of innovation are the introduction of 
new and/or improved products, processes and services; technical and/or organisational 
change; and successful exploitation of new ideas. Barrett et al. (2001: 426) broke down 
innovation into "the effective generation and implementation of a new idea which 
enhances overall organisational performance. " Amalgamating these ideas suggests that 
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elements of innovation are identified as "newness", "unit of adoption", and "successful 
exploitation of new ideas". 
2.5.2 The Context of Innovation 
Awareness of the context of innovation is of great significance to understanding the 
concept. According to Trott (2002), this context embodies three aspects of issues. 
Firstly, what is new to one company may be 'old hat' to another. Secondly, how does 
one judge success in terms of commercial gain or scientific achievement? Thirdly, 
innovation is time dependent, i. e. what is viewed as a success today may be viewed as a 
failure in the future. It has also been claimed that organisational strategies for 
innovation differ from one organisation to another. The approaches which organisations 
put forward for measuring their innovation success as well as the time frame forjudging 
innovation success differ greatly (Egbu, 2001). The innovation strategies of 
organisations are strongly constrained by their current position and core competencies 
as well as the specific opportunities open to them in future. In other words, 
organisational strategies for innovation are "path-dependent' ' (Egbu, 2004). 
However, it appears that there is no right answer to whether or not innovation should be 
successful. Some researchers regarded innovation as a neutral term, without leading 
necessarily to success (e. g. Schulze, 2003). It should not be assumed that the diffusion 
and adoption of all innovations are necessarily desirable (Rogers, 1995). Innovation 
could undermine efficiency and effectiveness that it should facilitate (Lansley, 1996). 
Given that organisations and industrial sectors are impacted upon by different 
constraints and they handle these differently, Egbu (2004) suggested that understanding 
the innovation trajectory which an organisation embarks upon gives a better 
understanding as to whether an organisation has been successful at innovating or not. 
2.5.3 Similarities and Differences 
From the early descriptions some points emerge which reveal the relationships between 
offsite and innovation. Firstly, both offsite and innovation could be either products or 
processes. They do not necessarily restrict their scopes to the final product, but also 
include the process which leads to the production of the final product. Secondly, both 
concepts are context-dependent. Offsite does not necessarily mean the production in the 
factory, but anywhere away from the final destination where the element is to be 
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installed. An innovation does not necessarily need to be new to all to be an innovation, 
but new to the unit of adoption. Thirdly, both offsite and innovation could be risky. 
Early commitment from the project team is key to realizing the potential benefits of 
offsite (Gibb, 1999). Making changes at the last minute risks the possible benefits from 
offsite and, in the worst case, can cause damage to the existing business process. 
Similarly, there is no absolute guarantee that innovation should be successful or 
desirable (see 2.5.2). 
Not all offsite techniques, however, are innovative. Most of the component sub- 
assemblies produced offsite have existed since the industrial revolution. A large number 
of steel-, concrete- and timber-framed systems were developed and used during the 
twentieth century (Marshall et al., 1998). Moreover, not all innovations, even within the 
context of housebuilding, are necessarily offsite. Tunnel Form and Thin Joint Masonry 
are examples of onsite innovations. Offsite technologies may involve product 
innovations within the traditional building process, process innovations but using the 
existing products, or both product and process innovations. Another important 
distinction is that innovation may be exclusive during the process of its development 
and application but offsite requires integrated teamwork. The unit of adoption normally 
wants to restrict the innovation to their own business in order to gain market 
competitiveness. It is, however, critical for offsite suppliers and housebuilders; to 
collaborate with each other. Also, the suppliers and builders may wish to learn from 
competitors' experience of using offsite technologies. 
To sum up, this section has clarified the relationships between these two concepts: 
offsite and innovation. This is significant since the assertion that offsite is innovation, 
coupled with the risk averse attitudes in the industry (3.3.5), contributes to the current 
slow take-up of offsite (see 3.5.5). The clarified relationships are integrated into the 
provision of the definition of offsite for this study (see 2.7), and thus embedded in the 
arguments of the thesis. 
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2.6 Taxonomies of Offshe Technologies 
Similar to the terminologies, there exist in the literature a number of taxonomies of 
offsite technologies. This section clarifies the relationships between them. It illustrates 
the taxonomies provided in previous studies in a comparative manner (Figure 2.1), and 
discusses their similarities and differences. 
The taxonomy provided by Kelly (1951, c. f. White, 1965) shows a comparatively 
comprehensive account of prefabrication in the early US context. It presents various 
degrees of prefabrication, including pre-cutting, the fabrication of panels, the 
construction of volume-enclosing sections, and the manufacture of a complete mobile 
dwelling-unit. This is consistent with the levels of offsite production developed in some 
more recent work (CIRIA, 2004; Gibb, 1999; Gibb and Isack, 2003). The levels show a 
spectrum of offsite techniques which range from fairly small scale sub-assemblies in 
conventional buildings to the whole building (Table 2.3). 
Table 2.3 Levels of offsite production and definitions 
Level 0 Basic materials With no pre-installation assembly aspects 
Level 1 Component sub- Small sub-assemblies that are habitually assembled prior to 
assembly installation 
Level 2 Non-volumetric pre- Planar, skeletal or complex units made up from several individual 
assembly components - and that are sometimes still assembled on-site in 
'traditional' construction 
Level 3 Volumetric pre- Pre-assembled units that enclose usable space - can be 'walked 
assembly into' - installed within or onto other structures - usually fully 
finished internally 
Level 4 Modular building Pre-manufactured buildings - volumetric units that enclose usable 
space but also form the structure of the building itself - usually 
fuliv finished 
Source: Gibb (1999) 
Further to the level system, Gibb and Pendlebury (2006) suggested that it is helpful to 
delineate the extent of offsite completion within each category in addition to the basic 
structure of the unit itself, and provided a star system for this delineation: 
* One star - no significant internal or external finishes applied in the factory, 
Two stars - either internal or external finishes applied in the factory, 
Three stars - both internal and external finishes applied in the factory. 
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Offsite techniques at these 
- 
different levels are not necessarily applied individually. 
Some studies also include a category called "hybrid system" which is a combination of 
volumetric pre-assembly (at the high value areas, e. g. bathroom pods) and non- 
volumetric pre-assembly (mainly the panellised systems for the rest of structure). An 
example is the first Housing Forum offsite report (2002), which claims that "Offsite 
manufacture is typified by two - volumetric and panellised construction - which involve 
the factory production of three-dimensional units and two-dimensional components 
respectively, transported to site for assembly into dwellings. These two basic forms of 
construction are sometimes combined into hybrid systems (often referred to as semi- 
volumetric')" (p. 19). However, the report also includes the site-based systems that 
utilise concrete cast in situ. It argues that, this approach, though not strictly offsite 
manufacture, is more akin to factory production than the normal site-based forms of 
construction, and might best be categorised as 'site-based factory production'. The 
second Housing Forum offsite report (Venables et al., 2004) is generally consistent on 
the taxonomy and clearly sets the types of OSM products including volumetric systems, 
open panel systems, closed panel systems, hybrid systems, sub-assemblies and 
components. A series of recent Government-backed studies (e. g. Burwood and Jess, 
2005; Lusby-Taylor et al., 2004) follow the taxonomy provided in the second Housing 
Forum report, with a slight change in the terms to suit the circumstances of the study 
since the term MMC is used. A recent publication, the Prefabulous Homes Study 
Programme (Birkbeck and Scoones, 2005), attempts to provide a wide-ranging category 
of the prefabrication technologies. This study claims that prefabricated typology can be 
categorised not only by both primary construction form and offsite methodology used, 
but also the materials used. Nevertheless, this categorisation is generally in agreement 
with the taxonomies discussed above. 
The comparison and discussion of the taxonomies of offsite technologies above reveal 
little substantial difference between them. Offsite technologies clearly represent 
themselves as ranging from basic construction components to whole modular building. 
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2.7 A Workable Definition of Offsite for the Study 
The preceding sections have reviewed the concept of offsite. The many offsite 
temiinologies and definitions provided in previous research reveal the rich social, 
political and economic contexts. However, the organisational context has been largely 
overlooked. In addition, few studies attempt to confme the concept to housing 
construction per se. Given the research objectives of this study, there is a need for 
providing a workable definition of offsite in housebuilding with the organisational 
context embedded. By using the word 'workable', the thesis means that the definition is 
not a pure technical definition of offsite technologies, but embodies its human, 
organisational, industrial and social contexts. The provision of the definition of offsite 
for the study has taken the following considerations: 
* offsite should not be introduced with the impression of being a 'new' technology. 
New implies less trialed and risky (see 2.5). 
e offifte should not be introduced with the impression of being 'factory-made. 
Factory-made normally implies rigid and inflexible (see 2.2). 
* offsite should not be introduced with the impression of being 'innovative'. 
Innovation implies risk and changes (see 2.5). 
offsite should not be introduced with the impression of 'prefab'. Prefab, as used 
in history, infers poor design and workmanship (see 3.4). 
* offsite should not be introduced with the impression of being 'just offsitel. 
Offsite and onsite are not mutually exclusive (see 3.5). 
Drawing on the existing body of knowledge and the considerations above, offsite is 
defmed in this study as: 
Offsite encompasses the whole process including the design, manufacture/ 
production of assemblies away from the place of installation, and the installation 
of these manufactured assemblies on site (see e. g. Gibb, 1999). 
Offsite takes many forms of *assemblies including components, panels, 
volumetric units, whole building sections or any combination of them (see e. g. 
Gibb, 1999; Sparksman et al., 1999). 
* Offsite can be compatible with rationalised conventional onsite construction, not 
necessarily implying radical changes (see e. g. 3.5.3). 
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Offsite requires strategy alignment with the organisational context, which 
transforms the current process from conventional housing construction to a 
manufacture-led process (see e. g. 7.5.10). 
e Offsite enhances achieving improvement in business efficiency and long-term 
profitability. The optimised use of offsite integrates the 5-P elements: Profit 
(cost & sustainability), Process (efficiency, predictability & sustainability), 
Procurement (risk), Product (quality & sustainability) and People (culture & 
social) (see e. g. Barker 33 Cross Industry Group, 2006; Section 6.3.7 and 7.5.4). 
However, an inappropriate use of offsite prevents the potential benefits being 
realised and, at worst, causes damage to the existing business. 
2.8 Summary 
'Ibis chapter has achieved the first research objective (1.3.2) by having clarified the 
concept of offsite and provided a workable definition of offsite in housebuilding. The 
chapter has reviewed the many definitions of the concept of offsite provided during the 
past century and investigated the current two main schools of thought: offsite and 
MMC. The chapter has categorised the many offsite terminologies into four-categories 
under affixes of OS, PRE, MM and Building. This categorisation tidies up the terms and 
reflects the historical context in which they were generated. It has also clarified the 
relationships between offsite and some other seemingly similar but actually distinct 
concepts including innovation and MMC. Typical taxonomies of offsite technologies in 
previous research have been discussed from which no substantial differences between 
them were identified. The chapter, by drawing on existing knowledge, has finally 
provided a workable definition of offsite in housebuilding within the organisational 
context embedded for the study. The clarified concept and the definition provided here 
build up a sound basis for understanding the use of offsite in housebuilding, which is 
presented in the next chapter. 
32 
Chapter 3- Offsite in Housebuilding 
3 OFITSITE IN HOUSEBUILDING 
3.1 Introduction 
This chapter investigates the use of offsite in housebuilding through a critical review of 
the related literature. It starts from presenting the context of UK housing supply and re- 
configuring the characteristics of the housebuilding industry. Tlie chapter then reviews 
the use of offsite technologies in the country from the early twentieth century to the 
present day. With comprehension of the current political and industry context the 
chapter then presents the current usage of offsite, peoples' perspectives, and the driving 
forces and inhibiting factors to the use of such technologies. This allows the chapter to 
draw a picture of offsite in the near future. The chapter argues that any attempts to 
improve housing supply and quality will become less effective unless housebuilders are 
actively involved. 
3.2 Context of UK Housing Supply 
3.2.1 Significance of Housing Supply 
Houses are homes for people. More than any other consumer product, housing 
influences how people feel, how people behave, and how people live as a society 
(Housing Foram, 2002). The significance of housing supply has beeri highlighted in the 
Barker Review (2003: 1), 
"Housing has profound and often unappreciated impacts upon our lives. It directly affects 
our quality of life, our health and well-being; it determines our transport needs and often our 
choice of work; it affects our family structures and our friendship networks. Housing also 
affects our national economic well-being: the rate of economic growth and our prosperity. It 
also influences the distribution of resources between regions, individuals and generations". 
This Review further argues that, as well as the significance of housing supply for 
national economic well-being and individual welfare, housing supply is highly relevant 
to the issue of membership of the Economic and Monetary Union (EMU). The 
significance of a sustainable housing supply to the country has been emphasised in a 
series of recent Government policy documents (e. g. DETR,. 2000; ODPM, 2003, 
2005e). They claim that people who are decently housed have a stronger sense of 
security and place. Decent housing strengthens communities and provides a better 
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setting in which to raise families. It improves health and educational achievement and 
provides a long-term asset that can be passed on to future generations (ODPM, 2005e). 
3.2.2 Housing Supply Challenges 
3.2.2.1 Housing demand 
Since the 1960s the number of UK housing completions has been on a downward trend, 
but, at the same time, there has been a significant rise in the number of households 
(ODPM, 2005e). The number of households is forecast to increase by 3.8 million 
between 1996 and 2021, equivalent to around 150,000 each year (DETR, 2000). Recent 
statistics even show that there will be 39,000 more new households formed in the UK 
each year than was previously thought, up from the estimate of 150,000, which was 
based on 1996 statistics (Barker, 2003; ODPM, 2005e). The Joseph Rowntree Land 
Enquiry (Barlow et al., 2002) also suggested that around 225,000 new homes will be 
needed each year in England alone to meet the demand arising from demographic 
changes and other needs up to 2016. Population growth, changing patterns of household 
formation and rising incomes are all fuelling demand for homes, yet in 2001 the 
construction of new houses fell to its lowest level since the Second World War. Over 
the ten years to 2002, output of new homes was 12.5% lower than for the previous ten 
years (Barker, 2003). Not only has the volume of output not responded to meet demand, 
but the nature of housing being produced does not meet the needs of consumers and 
society as a whole (Barker, 2003). In some regions and localities there is a mismatch 
between the nature of the houses available and what is required to meet the needs and 
aspirations of that area. 
3.2.2.2 Skillsproftle 
Accompanying the under-supply of housing is the related problem of skills shortages 
faced by the industry. The workforce available to the construction industry is shrinking 
and the demand for skills required for profitable construction increasing (Constructing 
Excellence, 2004a). Construction companies are operating in an increasingly 
competitive environment for skilled labour. New working relationships, through 
partnering, and changing technologies require new skills (Housing Forum, 2004). The 
housebuilding sector even experiences a more acute skills supply problem than 
construction in general (ibid). It suggests that employment issues, an ageing workforce, 
new skill sets, the increased use of labour from overseas and the emphasis on MMC 
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continue to challenge the housebuilding industry. The Government's agenda for 
increasing the supply of housing to meet the projected demand in sustainable 
communities, and for the renovation of the existing stock, means that the need for a 
larger and more skilled workforce is more important now than ever before (ibid). 
3.2.2.3 Policy andplanning context 
A series of recent policy papers set out the Government's objectives for delivering a 
better supply of housing through the planning system. The Planning Policy Guidance 
Note 3 (PPG3) (ODPM, 2000) introduces a new approach to planning for housing, 
aimed at using land more efficiently to reduce the pressure on greenfields and for 
creating well-designed sustainable communities of sufficient density to support public 
transport and social infrastructure. The ODPM five-year plan (2005e) sets out a new 
agenda for opportunity, choice, quality and fairness of housing supply. The current 
Planning for Housing Provision Consultation Paper (ODPM, 2005b) proposes a new 
policy approach to making the planning system more responsive to the housing market. 
The evolutionary change of the policy and planning context will undoubtedly drive the 
housebuilding industry to think more about the ways in which they deliver housing 
supply. 
3.2. Z4 Regulatoryframework 
In terms of the regulatory framework, the ODPM five-year plan aims to promote more 
sustainable, high-quality design and construction, reduce waste, and improve resource 
efficiency. Also, the plan promotes more sustainable buildings, saving energy, water 
and materials and helping to meet the target of cutting UK's carbon emissions by 60% 
by 2050. Despite great progress made in improving the sustainability of buildings and 
their contents, the position remains that more than a quarter of the UK's carbon 
emissions come from energy used in homes and more than half of water used is from 
homes (ODPM, 2005d). The public and the development industry are concerned about 
climate change, both globally and at home, and recognise that, without serious and 
sustained actions, the effects will worsen (ibid). ODPM is introducing a Code for 
Sustainable Homes (ibid) by which to encourage house buyers to use their purchasing 
power to acquire a more sustainably-built home. It is expected that this will offer a new 
direction to housebuilders for delivering sustainable building standards. 
I 
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3.2.2.5 The Government-led drive to build more homes 
The overall context and the under-supply of housing underline the need to build more 
homes in order to meet the needs of housing demand and the economy (Barker, 2004; 
ODPM, 2005e). Building on the Government's E38 billion Sustainable Communities 
Plan (ODPM, 2003), the most comprehensive programme in decades to improve 
people's homes, neighbourhoods and quality of life, the recent ODPM five-year plan 
(2005e: 8) envisions, "We will increase housing supply and complete the transformation 
of the planning system. Our aim by 2016 is to build an extra 200,000 homes in London 
and the South East, above 2001 plans". The housebuilding industry has been challenged 
to review their way of working and to seek alternative approaches to delivering high- 
quality, sustainable housing more quickly. 
3.3 Characteristics of the Housebuilding Industry 
The preceding sections have emphasised the significance of housing supply, and 
presented the challenges faced by the industry. This section presents the characteristics 
of the housebuilding industry in terms of its structure, ways of production and business 
models. Together, they reveal the factors determining the attitudes of the industry to the 
take-up of offsite technologies. 
3.3.1 Geographically Fragmented Structure 
The industry has been claimed as being geographically fragmented with many strong 
regional players and national firms which are formed around a set of regional operations 
(Barker, 2003). This is largely due to the fact that successful land acquisition is crucial 
to housebuilders and requires a good knowledge of local housing markets and local 
planning requirements. The private housebuilding sector operates with a wide variety of 
agents and outputs and remains one of the most fragmented within the construction 
industry. The housebuilding industry functions with a very large number of 
housebuilding firms and companies in a wide range of geographical and sectoral 
markets, building a myriad of different house types (Gillen, 1994b). 
3.3.2 Pyramid. al Housing Completions 
There are currently around 18,000 housebuilders registered by the National House 
Building Council (NHBC), but just under 200 firms produce more than 50 homes per 
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year in the UK (Barker, 2003). Almost 90% of new homes built in the country are 
constructed by private housebuilders (POST, 2003). According to the statistics in the 
Private Housebuilding Annual (Wellings, 2003), the top 100 housebuilders contribute 
around 65% to the housing unit completions by the industry overall. This pyramid 
structure of housing completions implies the significance of large companies in 
contributing to the take-up of innovative technologies. 
3.3.3 Co-existing Speculative' and Contract Housebuilding 
It has been argued that there exist two distinctive types of housebuilding, speculative 
and contract (Gillen, 1994a). In speculative development the housebuilder is responsible 
for both the procurement and financing of the land, along with the construction process 
and the sale of housing. While in contract housing, the housebuilder enters into a 
contract with either a local authority and/or housing association to build a specified 
number of housing units. Here, there is no responsibility on the part of the housebuilder 
for the acquisition of the land, nor duty to find buyers for the housing. In essence, the 
contract housebuilding process should effectively bear less risk compared to the 
speculative one. The requirement of good knowledge of local housing markets and 
planning may explain why mainstream construction firms tend not to diversify into 
housebuilding (Barker, 2003). 
3.3.4 Land Acquisition-dependent Housebuilding Business 
Large housebuilders normally take the role of developing and building houses, some 
supported by in-house design teams and partnered with their manufacturers and 
suppliers. However, some developers have no construction capability and sub-contract 
the entire construction process (Venables et al., 2004). This situation complicates what 
is already a very fragmented sector (see 3.3.1). The inevitable corollary of this is that 
there is little sharing of knowledge and good practice and hence the take-up of offsite 
technologies has been inhibited within the sector. The business focus on eliciting profits 
from the development of land and the management of finance during this process rather 
than the actual construction process itself (Venables et al., 2004; Ball, 1996; Barlow et 
al., 2003) appears to be another factor inhibiting housebuilders' take-up of offsite. This 
is in part due to the fact that land prices have a major impact on the final out turn costs, 
representing up to 50% of total costs in some areas (Egan, 1998). 
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Housing developers have been criticised that they have not done enough to drive down 
build costs, which have risen significantly (ODPM, 2005e). It has been claimed that 
there was a tendency for housing developers to 'land bank' by holding back the release 
of land or not delivering on planning permissions in order to take full advantage of 
market conditions and maximise profits (ODPM, 2005c). This prevents the delivery of 
increased housing numbers quickly when prices rise (Barker, 2003). 
3.3.5 Overall Risk-averse Attitudes 
The housebuilding industry and its behaviour are, in part, a product of the policy 
environment. The industry has been characterised as comprising: low levels of 
responsiveness to demand; a cautious approach to investment in brownfield 
development; and low levels of innovation (Barker, 2003). In his study, Ball (1999) also 
identified: consumer conservatism exacerbated by the need to ensure 'saleability' for 
the subsequent purchasers; a high degree of instability in housing market cycles and 
increasing volatility in cycles; the dominance of sub-contracted labour, encouraging the 
maintenance of existing techniques and skills, with low training levels; the distinctive 
market structures between the housebuilding and building materials industries, resulting 
in slow diffusion of innovation; and land development profits and the planning regime 
may discourage innovation in production and design respectively. The housebuilding 
business is particularly influenced by two types of risk: market risk from house price 
volatility where a one percent shift in house prices can increase or reduce profits by up 
to eight percent, and site-specific risk associated with land acquisition, gaining planning 
permission and construction (Barker, 2003). These risks partly explain why the 
housebuilding industry is reluctant to make long-term fixed commitments. 
3.3.6 General Reluctance to Innovation 
Generally speaking, construction is not innovative enough (Cripps, 2003). 'Mis is the 
same in the housebuilding sector (Ball, 1999; Barlow, 1999). The Barker Review (2003) 
suggested that, in the hous&building industry, production techniques are inefficient and 
there is a reluctance to innovate and adopt offsite manufacture and other innovative 
production techniques/modern methods of construction. In turn, this restricts the 
builders' ability to 'ramp-up' production to cope with market demands. 
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Given the demand for housing in the UK, concerns exist as to whether traditional 
methods are able to meet housing demand and quality standards (Barker, 2003; Housing 
Forum, 2002; ODPM, 2003). Barker warned that the under-supply of housing is 
constraining economic growth and prosperity. She also suggested that offsite 
technologies could both improve the quality of construction and address skills 
constraints in the industry. It has been widely documented that offisite technologies offer 
potential for reductions in cost, time, defects, health and safety risks and environmental 
impact and a consequent increase in predictability, whole life performance and profits 
(e. g. Buildoffsite, 2005; Gibb, 1999; Housing Forum, 2002; Parry et al., 2003; 
Sparksman et al., 1999; Venables et al., 2004). However, both the nature and the scale 
of innovation in the UK housebuilding industry is very conservative in comparison with 
other countries (Hooper, 1998). The industry has been shown to be slow to adopt 
innovative building technologies (Ball, 1999; Barlow, 1999; Roskrow, 2004). Concerns 
with housing built by MMC are held by a wide range of industry players (POST, 2003). 
The housebuilding industry is therefore facing great challenges in seeking alternative 
ways, e. g. offsite, to deliver housing in productivity and quality. Drawing on the work 
in Chapter 2 which has clarified the concept of offsite, the remainder of this chapter 
reviews its historical and current use and investigates the driving forces and inhibiting 
factors to an increased take-up of such technologies in the future. 
3.4 Historical Evolution of Offsite in Housebuilding 
Traditionally, most of the construction processes took place on the building site. 
However, the first half of the twentieth century saw industrialised processes introduced 
to the UK housebuilding industry. 'Mese, at their simplest, involved the use of factory- 
produced components within the traditional building process, e. g. roof trusses. More 
sophisticated methods ranged from the use Of in situ factory techniques, such as 
shuttered and poured concrete walling, to the site assembly of prefabricated components, 
e. g. timber, steel or concrete frames, and cladding (Marshall et al., 1998). The past one 
hundred years saw dramatic changes in the use of build systems in housing. Changes in 
this period involved diverse driving forces as well as inhibiting factors. Ibis section 
presents a critical review of the evolution of offsite usage in housebuilding during the 
past century, with a starting point of 1918 (see Harrison et al., 2004). 'Ibis reveals the 
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historical political, economic, social and technological context of using offsite 
technologies in housing construction. 
3.4.1 1918 - 1939 
The end of the First World War saw an urgent huge need for housing. This was mainly 
due to a lack of any new construction and maintenance during the war years, combined 
with the need to house large numbers of demobilised soldiers and their families 
(Marshall et al., 1998). The Government encouraged the use of new methods of 
construction because of shortages of materials and labour (Marshall et al., 1998; Ross, 
2002). Some 50,000 system-built domestic units were constructed, about I% of the total 
number of houses built between 1919 and 1939. Large numbers of different systems 
were approved, including timber frame, steel frame, concrete frame/slab and in situ wall 
slab (Marshall et al., 1998; Ross, 2002). However, the Government did not offer any 
special financial assistance towards their construction at that time (Marshall et al., 
1998). 
3.4.2 1945 - 1955 
The end of the Second World War also saw similar shortages of building materials and 
labour and an exacerbated situation by the loss of some 200,000 houses due to bombing 
and damage to about 25% of the entire building stock (Marshall et aL, 1998). An 
increasing population at that time added to the pressures. Government responded to the 
housing shortage much more positively than after the First World War and provided 
generous funding to both traditional and non-traditional building. During this period 
about 20% of the new housing in England and Wales and 50% in Scotland was system- 
built, approximately 500,000 units (Marshall et aL, 1998). During this period there was 
a surplus of steel and aluminium. production, and an industry, until then geared up for 
the war effbM in need of diversification. These factors drove the move towards 
prefabrication (Ross, 2002). As a result, a large number of different systems were 
produced including many with frames and/or claddings of steel or pre-cast reinforced 
concrete, and others formed with cast in situ concrete walls (Marshall et aL, 1998). It 
was thought that the problem of material shortages was less of an issue than the supply 
of trained building operatives. Initially, the emphasis was to supplement traditional 
building operations that relied on skilled labour 'with methods of construction that could 
use 'labour ad industry capacity normally found outside the building industry' (Ross, 
40 
Chapter 3- Offsite in Housebuilding 
2002). However, many of the systems and techniques were not economically viable and, 
when the Government support evaporated, conventional building techniques came back 
to dominate the market. By the mid 50s customer demand for factory-buift dwellings 
had evaporated (Housing Fonnn, 2002). 
3.4.3 1955 - Late 1970s 
T11roughout the 40s, 50s and 60s important changes in housing construction were taking 
place and the philosophy shifted towards that of industrialised building. From the mid- 
50s, with the redevelopment of city centres taking place, high-rise construction was 
gathering pace (Ross, 2002). However, due to the public suspicion regarding 
industrialised building and controversial social reasons (e. g. of the impact of the Ronan 
Point collapse), modem building, particularly large panel buildings, became 
questionable and much concern existed (Housing Forum, 2002; Ross, 2002). Another 
generic type of construction used during the 60s and 70s was volumetric construction. 
This usually involved lightweight frame construction of either timber or metal. Also, the 
sort of idea began to surface again with the use of various forms of 'pods'/heart units 
and service cores in house construction (Ross, 2002). 
It is believed that, during this period, between 3/4 million and one million system 
dwellings were constructed, of which some 500,000 were low/medium-rise and 140,000 
high-rise (Marshall et aL, 1998). However,. the 1970s saw a reaction against system 
building in general. This was basically as a result of the problems of maintenance and 
repair caused by one or more of. poor design, inadequately controlled prefabrication 
processes, and poor construction as a result of the use of unskilled labour and/or poor 
site management (ibid). 
3.4.4 Early 1980s 
In addition to the problems of the 1970s such as condensation, poor thermal and noise 
insulation, the early 1980s produced another problem. The Conservative Government of 
that period had introduced 'Right to Buy' legislation which led to the purchase of a 
great number of system-built local authority houses. 'Mose houses constructed with pre- 
cast components were often affected by carbonation or chloride attack. Building 
societies refused to mortgage or re-mortgage many of these houses (Ross, 2002). 
Limited numbers of steel or concrete framed/clad houses have been constructed since 
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1970, but the following decade saw a rise in the popularity of timber-framed houses. 
Unfortunately, many of those built in the 10-15 years leading up to the 1984, when the 
Housing Defects Act was introduced, were found to have inherent defects as a result of 
poor design/constructiom The "World in Action" programme (see Ross, 2002: 10) 
exacerbated the situation, which implied that timber frame could not be considered as a 
suitably robust means of construction (ibid). This led to a short period of decline but, 
since the mid-1980s, raised standards of design and site management, together with 
better construction techniques, have resulted in timber-framed housing regaining its 
popularity (Marshall et aL, 1998). 
3.4.5 Md 1980s - 1998 
During this period, significant developments took place in component-based systems 
(e. g. timber frames, roof trusses, steel lintels, etc. ), but there was very little in the way 
of complete housing systems development. The traditional processes of building on site, 
using relatively unskilled labour complemented by skilled trades on piece-work rates, 
had been the predominant form of housebuilding in the UK (Housing Forum 2002). 
3.4.6 1998 - Present 
In 1998, the report 'Rethinking Construction' (Egan, 1998) was published which called 
for a radical change in the way in which the industry delivers its products to its 
customers. The report looks particularly at improving the efficiency and quality of 
housing construction. Since then a greater level of customisation of products, produced 
on flexible manufacturing systems has emerged. Economies of scale have been 
complemented by 'economies of scope' in production, where a range of customised 
goods are made using the same production facilities. Customers have been offered more 
choices and are able to purchase goods which match their requirements more closely 
(Housing Forum, 2004). 
In a similar manner to previous historical efforts, the hougebuilding industry has again 
come under pressure from the Government to adopt concepts and techniques from other 
manufacturing industries. As recently claimed by the ODPM (2005a: 24), "77te 
technology has improved significantly since the 60's and 70's, and has been used 
extensively and safely elsewhere, especially in Europe where there has been a strong 
market for houses built using modem methods for many years". However, it has been 
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argued, the distinctiveness of housebuilding has inhibited the industry from adopting 
approaches used elsewhere (Marshall et aL, 1998). 
Nevertheless, the combination of the desire to modernise the housebuilding industry and 
the pressure from increasing housing demand forms the backdrop for the growing 
interest in offsite. As expressed by the current Deputy Prime Minister, "To increase the 
supply of affordable housing we need to use more off-site manufacturing" (Prescott, 
2003: 7). Also, given that the historical problems arising over the quality of building 
materials and poor workmanship lead to negative public attitudes towards 
prefabrication, the recent invention of the term MMC intends to reflect technical 
improvements in prefabrication (POST, 2003). The current use of offsite in 
housebuilding is reviewed in the next section. 
3.5 
. 
Current Use of Offsite in Housebuilding 
According to Barker (2003), greater use of technology can lead to improved quality, and 
may also assist in dealing with skills constraints. Alternative manufacturing techniques, 
such as offsite manufacture, and greater use of steel and timber frames could all lead to 
greater levels of capital intensity. There is a climate of change in the UK housebuilding 
industry (Housing Forum, 2002). However, despite the claimed advantages being 
compelling, the take-up of offsite in the sector is still slow. This section outlines the 
current usage, explores peoples' perspectives and investigates the drivers and barriers to 
the potential increase to the take-up of offsite in the future. 
3.5.1 Contextual Government & Industry Research/Initiatives 
A chronology of Government and industry researcb/initiatives related to offsite 
technologies in UK housebuilding since 1994 is provided in Table 3.1. This provides 
the context of the recent and current Government construction agenda, the housing 
supply, and the utilisation of construction technologies. Some Government events are 
also included since they have been considered to be landmarks of offsite development. 
The Latham Report (1994) Constructing the Team concludes that the industry's 
traditional methods of procurement and contract management and its adversarial culture 
cause inefficiency and ineffectiveness. However, there had been no substantial 
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movement towards increasing the take-up of innovative building technologies until the 
publication of the Egan Report (1998) Rethinking Construction. This report looks 
particularly at improving the efficiency and quality of housing construction and clearly 
promotes that the use of extensive pre-assembly can help unlock greater efficiency on 
site and significantly improve quality. 
During the period from the Egan Report (1998) to the Barker Review (2003; 2004), 
many Government and industry research/initiatives have been triggered to attempt to 
address housing supply and investigate offsite technologies. This includes the 
establishment of the Housing Forum in 1999, the Prefabulous Homes programme, the 
prOSPa initiative, the Governmental or Government-backed papers (e. g. DETR, 2000; 
ODPM, 2003; Strategic Forum for Construction, 2002), and the studies by the Housing 
Forum (Housing Forum, 2001,2002; Venables et al., 2004), CIRIA (e. g. Gibb, 2000; 
Sparksman et al., 1999), BRE (e. g. Ross, 2000), Joseph Rowntree Foundation (Barlow 
et al., 2002), CML (Ross, 2002), RGU (Edge et al., 2002) and BSRIA (Parry et al., 
2003). 
The Government Sustainable Communities Plan (ODPM, 2003) and the Barker Review 
(2003,2004) represent the adoption of the new term MMC. Both reports suggest that 
MMC could help deliver quicker and better quality housebuilding. The period after that 
has seen many other Government and industry research/initiatives use the term MMC 
instead of offsite despite little substantial difference between the terms (2.4). They 
include the studies by CABE (Lusby-Taylor et aL, 2004), the Housing Forum (Venables 
and Courtney, 2004), the Barker 33 Cross Industry Group (2006) study, NAO (2005b), 
BRE (BRE Certification, 2005), and BURA (Burwood and Jess, 2005). It is worth 
noting that the newly formed industry-wide campaigning organisation, buildoffsite, 
focuses on offsite, as specified in its precedent work prOSPa. 
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Table 3.1 Chronology of contextual Government & industry research/initiatives 
1994 Constructing the Team (commonly referred to as Latham Report) concluded that the 
industry's traditional methods of procurement and contract management and its adversarial 
culture caused inefficiency and ineffectiveness. 
1996 The report Housing and Construction: A troubled relationship? was published which 
concludes that housing market structures and volatility, together with the internal workings 
of the industry, lead to low investment, low productivity and high costs in both new 
building and repair and maintenance and calls for reforms in the housing supply process. 
1997 The report Rethinking Housebuilding presents summaries and debates of a conference 
held by the Joseph Rowntree Foundation in 1997. This conference aims to investigate new 
ways of working together and how technology could be harnessed to bring about change 
and improvement in the housebuilding industry. 
1998 The report Rethinking Construction (commonly referred to as Egan Report) was produced 
by the Construction Task Force which was set up to advise the Deputy Prime Minister from 
the client's perspective on the opportunities to improve the efficiency and quality of 
delivery of construction, to reinforce the impetus for change and to make industry more 
responsive to customer needs. 
1999 The Housing Forum was established in response to Rethinking Construction to deliver 
individual, corporate and industry excellence in housing construction. 
1999 CIRIA published the report Standardisation and pre-assembly: adding value to 
construction which concludes that deliberate, systematic use of standardisation and pre- 
assembly, started early, will add value to projects by increasing predictability and 
efficiency. 
2000 BRE conducted a market survey Mite manufacturing of housing as part of a DTI 
'Tartners in Innovation" research project entitled "Advanced off-site production of 
steel/timber building systems to optimise productivity and widen customer choice". 
2000 The Housing Green Paper Quality and Choice: A Decent Home for All was published. 
2000 Standardisation and pre-assembly - client's guide and toolkit was published as a result 
of CIRIA research project 579. 
2001 The Housing Forum Barriers to Change Working Group was established to take a look at 
the housebuiIding process and understand the reasons why Egan's prescribed innovations 
have not been more extensively taken on board by much of the industry. The report 
Enemies of Promise was produced. 
2001 BRE produced the report Current practice and potential uses of prefabrication which is 
the first output of a DTI funded project "Defining the sustainability of prefabrication and 
modular process in construction7. 
2002 The report Off Site Produced Housing -A briefing guide for RSLs was another output 
of the DTI 'Tartnýrs in Innovatioif' research project mentioned above. The scope of the 
guide is to provide an introduction to off-site produced dwellings; to impart a basic 
understanding of what is involved, why this approach to construction is relevant and how it 
needs to be dealt with compared to on site methods of building. 
2002 CML commissioned a study Non-traditional housing in the UK -A brief review which 
aims to provide lenders with an overview of developments of non-traditional housing and to 
raise awareness of the issues. 
2002 Rethinking Construction published the report Accelerating Change by the Strategic Forum 
for Construction. 
2002 The report Homing in on Excellence -A commentary on the use of offshe fabrication 
methodi for the UK housebuilding industry is one of the products of the Housing Forum as 
part of the implementation phase of the 'Rethinking Construction' Programme. It attempts 
to bring the forces of design-for-production and design-for-living together and encourage 
the wider adoption of factory-based processes in delivering high quality houses to the UK 
market. 
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2002 Prefabulous Homes, a study programme of seminars and site visits, was launched in July 
2002. 
2002 The report Overcoming Client and Market Resistance to Prefabrication and 
Standardisation in Housing by Robert Gordon University was published as part of the 
joint DTI/EPSRC LINK programme - Meeting Clients' Needs through Standardisation. 
2003 Sustainable Communities: Building for the Future sets ambitious housing and planning 
target for the period 2003 to 2006. This report suggests that MMC could help deliver 
quicker and better quality house building. 
2003 Promoting Off-Site Production applications (prOSPa) was set up which is a Co-Constructl 
Loughborough University programme funded jointly by DTI and industry. It aims to 
overcome the barriers to offshe production and drive change to realise its potential in 
construction. 
2003 BSRIA published the report Off Site Fabrication: UK Attitudes and Potential. 
2004 The study Design and Modern Methods of Construction was carried out by HTA 
Architects and Oxford Brookes University, funded by the Housing Corporation and 
commissioned by the Commission for Architecture and the Built Environment (CABE). 
The study aims to investigate the qualitative implications of MMC on the design quality of 
social housing schemes. 
2004 The Housing Forum published its second MMC group report Manufacturing Excellence - 
UK capacity in offsite manufacturing. 
2004 The report Offsite Manufacturing: an introduction provides an introduction to OSM 
within the context of housing construction and summaries the presentations given by 
industry practitioners at the OSM seminar organised by the Centre for Construction 
Innovation (CCI) in Feb 2004. 
2004 Review of Housing Supply: Final Report - Recommendations was published. Its 
recommendation 33 requested HBF and M[IBC to facilitate a strategic look at the greater 
use of MMC in the provision of UK housing. 
2005 The Five Year Plan Sustainable Communities: Homes for All was published. 
2005 The study Using MMC to deliver homes more quickly and efficiently was carried out by 
NAO teamed with the Housing Forum, the Building Cost and Information Service, Salford 
Centre for Research & Innovation and Mtech sponsored by ODPM and the Housing 
Corporation. The study aims to identify the relative costs and benefits of offsite 
construction compared to traditional build and to show how cost benefits can arise through 
the process. 
2006 The Barker 33 Cross Industry Group, involving some 38 different organisations, was set 
up in late Summer 2004 aiming to identify the barriers to the greater use of MMC and 
propose policies/solutions to overcome the barriers. 
Ongoing LPS 2020 is the core standard of a suite of Loss Prevention Standards that have been 
prepared by BRE Certification Ltd in order to provide a route to certification for innovative 
building systems, sub-assemblies and elements used in dwelling construction. The primary 
objective is to encourage innovation whilst maintaining acceptable levels of safety and to 
create confidence in the development and use of innovative building systems and elements 
for dwellings. 
2005 The study 'MMC: Evolution or Revolution? ' was commissioned by BURA's Steering 
and Development Forum which aims to evaluate the opportunities and challenges that 
MMC present to the regeneration sector. 
Ongoing Buildoffsite is an industry-wide campaigning organisation that promotes greater uptake of 
offsite techniques by UK construction. Buildoffsite builds on the work of its precedent 
prOSPa. 
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3.5.2 Current Usage of Offshe 
The majority of homes in the UK are still constructed using traditional 'brick and block' 
masonry (POST, 2003). According to a recent buildoffsite market survey (Goodier and 
Gibb, 2005), the overall value of the offsite market in the UK in 2004 was E2.2bn, 
accounting for 2.1% of the total value of the UK construction sector including new 
build, refurbishment and repair, and civil engineering. However, the extent to which 
offsite techniques and systems are being applied remains unclear (see Construction 
Manager, 2004). 
3.5.3 Peoples' Perspectives 
Since the publication of the reports by Latham (1994) and Egan (1998), peoples' 
perspectives, either the industry overall or individual groups of professionals in 
particular, on the use of offsite have been largely studied. Edge et al. (2002) found that 
house buyers are so strongly influenced by negative perceptions of the post-war 'prefab' 
that they will resist any innovations in house construction which affect what a 
'traditional' house looks like. Within the social housing sector, Palmer et aL (2003) 
suggested that architects, contractors/producers, developers, maintenance and 
implementers had a significant impact on the success of innovative modem 
manufactured housing schemes due to their contribution to the development process and 
their role in the decision making process. However, recent research suggests that there 
was no clear evidence of a relationship between design quality and the use of MMC 
(Lusby-Taylor et aL, 2004). The majority of schemes used MMC for reasons of speed, 
even though cost savings were expected from using MMC, and some reported that 
projects would cost more than if built traditionally (ibid). Furthermore, other research 
(e. g. BRE Certification, 2005) has identified the increasing concerns from the financial 
market and insurance industry over the repairability, mortgageability and durability of 
housing built by using offshe technologies. 
The literature provides the context of peoples' perspectives on the current offsite 
applications. However, this existing body of work has not explored the perspectives of 
housebuilders per se. It is significant since housebuilders contribute up to 90% of the 
housing unit completions (POST, 2003) and, hence, are key to the wider take-up of 
offsite in the future. 
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3.5.4 Drivers 
The literature review reveals a wide range of driving forces in the industry for utilising 
offsite technologies in housebuilding. They are presented under the headings emerged 
from the review: 
Addressing skills shortages 
A combination of the reduction in craft skills of the various building trades and the 
declining number of people in most of the trades has been a major concern for Egan and 
other industry reports (Edge et al., 2002). Without changes in labour productivity, even 
a modest growth in output could lead to a requirement for around 70,000 further 
employees in the housebuilding industry (Barker, 2003). A more substantial expansion 
of output would increase this need still further, possibly up to 280,000 people (ibid). 
The curTent promotion of MMC (see ODPM, 2003; Housing Corporation, 2003) is a 
notable attempt by Government to address this ever-growing shortage of skills. The 
widespread perceived skills shortages, though disagreed by part of the industry, e. g. the 
brick development sector (see BDA, 2005; Szymanski, 2003), are actually challenging 
the industry to seek alternative building approaches. However, the literature also shows 
the increasing concerns over the requirements of new skills sets due to the increased use 
of offsite techniques (see e. g. Agapiou et al., 1995; Dainty et al., 2005; DfEE, 2000; 
MacKenzie, 2000). Though the more -usage of offsite may offset the. shortage. of-, 
traditional craft skills, it redefines the profile of the skill requirements of the industry. 
Addressing Government and industry concerns 
The increasing interest in offsite is being motivated by a combination of two important 
factors: the intense pressure within the housing-supply market and the Government and 
industry concerns over improving quality performance (Housing Forum, 2004). A 
number of recent policy documents (e. g. Barker, 2003; Barlow et al., 2002; ODPM, 
2003) have also identified concerns with the under-supply of housing and suggested that 
new technologies could both improve the quality of construction and address skills 
constraints. Ross (2000), drawing on the results from surveying a wide range of social 
housing organisations, builders and developers, suggested that various policy and 
market drivers were leading to an increase in offsite manufacturing of dwellings. 
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Political influence plays an important part in promoting the use of MMC. An early 
example can be that Aneurin Bevan, Minister of State for Health, 1945, made the 
statement (see Finnimore, 1989), "1 have been looking eagerly, ever since I took office, 
for some system of prefabrication which could enable us to build houses in the same 
way as cars and aeroplanes". After more than half century, John Prescott, the present 
Deputy Prime Minister, made similar statements on the similar technologies, though the 
term 'MMC' is used rather than 'prefabrication'. He commented in the Housing Forum 
report (Venables et al., 2004: 4), "The Sustainable Communities Plan that I published a 
year ago calledfor a step change in the way that housing is delivered in this country. I 
firmly believe that modern methods of construction have an important part to play in 
delivering this change". He also claimed in the recent Prefabulous Homes Programme 
Report (Birkbeck and Scoones, 2005: 5), "1 was convinced that there is an increasing 
rojefor greater use of modern methods of construction to build more and better housing 
in less time", and, "Modem methods offer huge potential, and parts of the industry 
need to work together to gain the benefits". All these statements reflect the political 
environment identified in the review of the historical evolution of offsite (3.4) that 
significantly impacts on the development of build technologies. 
Demonstrating 'Egan' compliance 
The Housing Corporation launched the 'KickStart' initiative and stated that eventually 
all projects would need to be Egan-compliant (see Housing Forum, 2002). Several 
housing associations have formed consortia to bulk-purchase prefabricated housing, the 
largest being the Amphion consortium which boasts over 20 Housing Association 
members (Housing Forum, 2002). The recently launched 'Design for Manufacture 
Competition' aimed to address the increasing construction cost and, thus, to encourage 
housebuiIders to improve construction efficiency without sacrificing quality or design 
(Design for Manufacture, 2006). All these, together, create an environment favourable 
to the take-up of offshe technologies. 
Meeting revisions to Building Regulations 
The recent changes to the building regulations on energy efficiency, broadband access 
and structural integrity seem to make it cheaper and easier for MMC to meet the 
regulations compared with traditional masonry construction (POST, 2003). Delivery of 
good quality homes by 'traditional' construction techniques is increasingly difficult and 
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expensive. In particular, increasingly higher standards of energy efficiency required by 
revisions to the building regulations are often cited as a reason that builders are looking 
at offsite manufacture. A recent study of a number of housing schemes (Energy Saving 
Trust, 2005) concluded that high levels of energy efficiency are readily achievable with 
a range of modem methods, and the use of MMC can deliver higher energy efficiency 
standards whilst still remaining cost competitive. 
Reducing health and safety risks 
The use of offsite technologies contributes to a healthier and safer working 
environment, helping to meet CDM requirements (Gibb et al., 1997). This is significant 
given that the construction industry is one of the most dangerous for workers, with 
about 100 deaths per year in the UK (POST, 2003). Offsite processes carried out usually 
in a controlled factory environment can also provide more efficient production 
processes, and reduce the number of potential accidents on site (e. g. POST, 2003; SCRI, 
2004). Furthermore, increasingly rigorous health and safety legislations will have more 
significant cost implications for traditional construction processes (SCRI, 2004). 
Nationwide commitment to urban renaissance 
Since the publication of the Urban Task Force Report (1999), considerable movement 
towards an urban renaissance provides an opportunity for increasing the take-up of 
offsite technologies. The movement is centred on culture change in favour of towns and 
cities, increasing re-use of brownfield land and building density, and improving design 
quality and environment requirements (Urban Task Force, 2005). They, together, have 
challenged the industry to review their use of traditional construction methods. 
The driving forces existing in the industry have presented a complex context for an 
increased take-up of offsite technologies. Some other research has also revealed the 
driving forces within the project context. An example can be the CIRIA Offsite Project 
Toolkit (Gibb and Pendlebury, 2005), which provides a list of project drivers as part of 
a project-wide strategy for assessing the use of offsite. The drivers identified are centred 
on the headings of health and safety, cost, time, quality, sustainability and site specifics. 
The Toolkit has made a contribution to understanding the drivers for using offsite in the 
project context. However, the organisational context seems to be less reflected in the 
drivers identified in the toolkit. This may include organisations' considerations for the 
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Government's environment and revisions to building regulations, organisational 
strategy, and commercial drivers. Also, the identification of the drivers in the project 
toolkit is based on the construction industry in general. 7he characteristics of the 
housebuilding business need to be taken into account for interpreting the drivers within 
the context of the housing sector. 
3.5.5 Barriers - 
Despite the wide range of driving forces, the current take-up of offsite technologies is 
slow. This has triggered many Goverrunent and industry research projects and 
initiatives (see Table 3.1) attempting to scrutinise the barriers and to seek ways to 
addressing them. The literature review reveals a variety of inhibiting factors against an 
increased take-up of offsite in housebuilding, which are presented under the headings 
emerged from the review: 
Perception barriers existing in a wide range of stakeholders 
Prefabricated housing has been used in the UK during periods of high demand, such as 
after the World Wars and during the slum clearances of the 1960s (see 3.4). However, 
problems arose over the quality of building materials and poor workmanship, leading to 
negative public attitudes to prefabrication (POST, 2003). House buyers are strongly 
influenced by negative perceptions of the post-war 'prefab' and, thus, they will resist 
construction innovations which affect the traditional appearance of housing (Edge et al., 
2002). It was claimed that even timber-framed housing has to be 'wrapped' in onsite 
brickwork before it can be considered suitable for selling (see Young, 1997). The 
perception barrier, grounded in the historical failure of offsite practices, also exists 
among architects and other designers (Pan et al., 2004). This, coupled with technical 
difficulties (e. g. site specifics, logistics, interfacing problems), high costs (where 
economies of scale are not possible) and the fragmented structure of the supply chain, 
inhibits designers' acceptance of offsite (ibid). Furthermore, mortgage lenders, insurers 
and warranty providers will need to be persuaded that innovative construction 
techniques will produce durable and safe buildings (Barker, 2003; King', 1997). The 
concerns from the financial and insurance markets over the use of offsite become 
increasingly critical (see BRE Certification, 2005). The Housing Forum report (2002) 
also reveals that lenders are nervous about the long-term value of housing and whether 
it represents adequate security for the loan, and that surveyors, who are unfamiliar with 
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the technology, are not sure how to assess the property and have concerns about latent 
defects or the long-term durability of the structure. The study by Venables et aL (2004) 
claimed that suppliers regard market demand (including public perception) and 
production capacity as two main factors limiting the take-up of offsite. This study also 
argued that perceptions of developers contribute to the current slow take-up of offsite. 
This echoes the claim made by the Housing Forum (2002) that some developers are 
worried that houses built by innovative technologies may not be wanted by their 
potential customers and concerned about the impact of technology on brand image. 
Several government-backed studies have explored barriers of offsite innovation from a 
wider range of stakeholders' perspectives. The Housing Forum (2001) examined the 
barriers to innovation that clients, contractors, housebuilders and developers, 
consultants and suppliers are confronting on a daily basis in their organisations' 
working relationships and on site. The Housing Forum (2002) took a more detailed look 
at the use of offsite technologies and presented the related implications to a wide range 
of stakeholders including housebuilders and developers, offsite fabricators, suppliers, 
surveyors, lenders, insurers and purchasers. However, although these initiatives have 
provided the industry context of offsite applications, in-depth investigations of 
housebuilders are still needed. 
Lack of understanding of the cost & value of offsite and proper measurements 
A recent offsite market survey (Goodier and Gibb, 2004) stated that real or perceived 
additional costs, compared to traditional methods by clients and their advisors, act as the 
main barrier to the use of offsite in construction in general. The same perception exists 
in the housebuiIding sector (see Birkbeck and Scoones, 2005). The perceived high cost 
of offsite, unless balanced by an understanding of value, will result in a continued 
reluctance by the industry to more fully embrace the approach. The take-up of offsite in 
the industry, therefore, will not improve unless rigorous methods for measuring the 
value of offsite are developed (Blismas et al., 2006; Pasquire and Gibb, 2002). 
The perception of higher cost of building by using offsite has been examined by a 
number of studies. Birkbeck and Scoones (2005) clarified that very few projects, in the 
Prefabulous Homes Programme, presented their initial development costs as R&D 
rather than project budgets. Very few could put a value on faster completion times or 
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higher quality projects. There was very little analysis of the trade off between longer 
lead-in times and reduced prelims which result from a volumetric approach or the 
reduction in the need for detailing. Groak (1992: 103) highlighted that "The use of 
elemental cost analyses, based on historical data, presents many problems when new 
designs andlor new production methods are introduced". Gibb (200 1) emphasised that, 
in the case of using S&P, many of the benefits are realised elsewhere in the construction 
process, e. g. reduced site labour and associated costs. Gibb also clarified that, "Taking 
an elemental view by considering the building element in isolation, it is not surprising 
that pre-assembled units may appear more expensive" (2001: 312). Literally, offsite 
production within factory conditions should bring costs down along with economies of 
scale. However, as Groak (1992) found, supposed economies of scale were rarely 
realised since the manufacturer usually had to wait on orders via the general contractors. 
Furthermore, Gibb (2001) argued that, in line with a free market economy, many 
manufacturers and suppliers seek the maximum price for their products that the market 
will sustain. Therefore, the tender prices quoted may not reflect the actual costs, and 
may consequently hinder sensible comparison with conventional construction. 
There has been a long cost debate on the use of offsite versus traditional methods, and 
many are based on anecdotal project experiences (Gates, 2003). There remains a lack of 
systematic analysis of the two approaches. A recent Construction Productivity Network 
(CPN) workshop (see Pan, 2006) confirmed that the cost perception is caused by a 
combination of the factors: that many of the savings from the use of offsite are hidden, 
and that people are not working out cost properly. For the measurement of offsite, some 
tools are available such as IMMPREST' (see www. immprest. com), which provides a 
structured, value-based assessment of pre-assembly and standardisation (Pasquire et al., 
2003). However, further work needs to be undertaken to transfer the knowledge for use 
in the housing sector. More significantly, the industry by large should be challenged to 
gain a proper understanding of the cost and value of offsite. 
Planning delays and uncertainties with land supply 
Delays to the planning process have been recognised in a number of recent Government 
policy documents (e. g. Barker, 2003; ODPM, 2005b, 2005c). The current planning 
1 IMMPREST (see List of Abbreviations) is a toolkit developed by Loughborough University through a 
three-year EPSRC and DTI funded research project, in collaboration with II industrial partners. 
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delays and uncertainties with land supply have a significant implication on the climate 
for development. They adversely affect both the risks associated with investment in 
innovation, and the ease with which economies of scale for product-based methods of 
construction can be achieved (Barker 33 Cross Industry Group, 2006). 
Reluctance to innovate and risk-averse culture 
Barker (2003) suggested that housebuilding in the UK is significantly more labour- 
intensive than in other countries, and the cause is the reluctance of the industry to 
innovate and adopt MMC. The risk-averse nature of the industry mitigates against the 
investments inherent in adopting more capital-intensive approaches, such as 
investments in plant and alternative construction techniques. Firms do not generally 
compete through innovation (Hooper, 1998). Reluctance to innovate and risk-averse 
culture are also associated with the operation of building regulations. Frequent changes 
to building regulations, tensions between the objectives of different parts of the 
regulations and sometimes prescriptive regulatory approaches can all affect the business 
case for investing in innovation (Barker 33 Cross Industry Group, 2006). The ultimate 
issues are surrounding the additional business risks that can arise and the ability to 
achieve economies of scale necessary to support new processes and products (ibid). 
Lack of suitable materials 
Prewer (2005) looked into the materials for offsite manufacturing and argued that one of 
the main obstacles to optimising the cost and performance of modules and pods, and 
offsite manufacture buildings generally, is the lack of suitable materials to make them 
from. Prewer suggested that some of the primary materials, such as brick and 
plasterboard, which suit traditional building methods, are unsuited to offsite production 
processes or subsequent handling, transport or recycling operations. Though some 
traditional materials like bricks are also claimed as being able to offer robust use for 
prefabrication, e. g. wall panels, the general concerns over the availability of suitable 
materials are inhibiting the take-up of offsite. 
It has also been claimed that the fragmented structure of the industry, the importance of 
land acquisition and location in determining prices, and the unique market constraints, 
together, are limiting the possibilities for innovation and inhibiting the take-up of offshe 
in UK housing (Barker, 2003). Some other issues also arise over the industry capacity, 
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the environmental benefits and building regulations in relation to the use of offsite (see 
POST, 2003). The Barker 33 Group study (2006) claimed that the vagaries of site 
conditions, differing demand patterns, construction approval processes and design 
requirements can create a barrier to the adoption of the new processes that MMC is and 
demands. In particular approval delays, regulatory complexity and changes, and the 
certification process can create barriers to changes and improvement. These in turn can 
be compounded by a lack of training of site and professional staff in the fundamentals 
of MMC Obid). 
The inhibiting factors existing in the industry have presented a complex context against 
the use of offsite technologies. Some other research has also revealed the constraints to 
using offsite within the project context. An example can be the CIRIA Offsite Project 
Toolkit (Gibb and Pendlebury, 2005), which provides a list of potential project 
constraints centred on site specifics, process and procurement. Also, the study by 
Blismas et al. (2005), drawing on previous research and a questionnaire survey of a 
wide range of industry stakeholders, found that the most prominent project-level 
constraints to the use of offsite were surrounding the theme of process, followed by 
value, supply-chain and knowledge. All these studies have made significant 
contributions to increasing the understanding of the constraints to offsite utilisation. 
However, this body of existing knowledge appears to be less reflecting the 
organisational context within which the business decision-making in utilising offsite is 
made. Also, the characteristics of housebuilding need to be considered for interpreting 
the constraints in the literature as they were largely identified within the context of 
construction in general. 
3.6 Future Potential for Offsite 
In terms of the trend of offsite usage, the study by AMA (2002) indicated that the 
market value of prefabricated buildings at the manufacturers selling price will grow at 
an average rate of 8% per year between 2001 and 2006 and the residential sector will 
grow at above the average rate with an increased market share. It has also been claimed 
by some leading building services manufacturer/supplier in the CPN workshop (see 
Pan, 2006: 1) that, "As the demandfor better building processes continues we will see 
more manufacturers investing to grow their capacity and to develop improved offsite 
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techniques and products". The buildoffsite market survey (Goodier and Gibb, 2005) 
identified the current value of the UK market for offsite as E2.2bn. Buildoffsite aims to 
double the value by 2010, and to achieve a ten-fold increase in the uptake of offsite by 
2020 (Buildoffsite, 2006). However, offsite, or in the catchword of 'MMC', is not a 
panacea for the current under-supply of housing or the critical call for improving quality. 
Traditional methods contribute to the vast majority of housing supply in the country, 
and will continue to offer the optimum solution in many situations (ODPM, 2005a). 
Offsite undoubtedly plays a significant role but is not going to 'take over the world'. 
BDA (2005) argued that it is unrealistic to promote MMC at the expense of 
conventional construction. This argument was echoed by Driver (2005: 3) who claimed 
that "it is just as important to try to foster the growth of offsite as it is to review onsite 
practices and develop rationalised masonry construction". All these sources, together, 
complicate the judgement about the future potential for the use of offsite. 
3.7 A Focus on Housebuilders 
The literature has presented the context of housing supply and the characteristics of the 
industry, and investigated the historical and current use of offsite in housebuilding. 
However, this extant body of work has not explored the perspectives of housebuilders 
per se. This is significant since housebuilders, among the wide range of industry 
stakeholders, play a very important part in the take-up of offsite technologies. This is 
because new build housing supply in the UK relies as much as 90% on the housebuilder 
(POST, 2003). Housing developers have been criticised that they have not done enough 
to drive down build costs, which have risen significantly (ODPM, 2005c). It has been 
claimed that there was a tendency for housing developers to 'land bank' by holding 
back the release of land or not delivering on planning permissions in order to take full 
advantage of market conditions and maximise profits (ODPM, 2005b). 
Given the fragmented (3.3.1) and pyramidal structure (3.3.2) of the industry it is 
significant to explore pers pectives of large housebuilders on offsite because the large 
firms contribute to the vast majority of housing developments (see Wellings, 2003) and 
hence, are key to the wider take-up of offsite in the future. It has been argued that it is 
the largest housebuilders that tend to lead the industry not only in terms of market share, 
but also in technical innovations and marketing techniques (Gillen, 1995). 
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The thesis studies housebuilders in the private sector, with a focus on the larger ones. 
For the categorisation of housebuilders the typology by annual housing unit completions 
is used. The literature actually gives no uniform criteria for categorising housebuilders. 
Different criteria for classification co-exist and they include by unit completions (e. g. 
Ball, 1983; Bather, 1976), financial turnover, number of employees and profit margins. 
However, the use of criteria like financial turnover, number of employees and profit 
margins are subject to company policy and business context. Unit completion has been 
most widely adopted for its simplicity (see Gillen, 1994b). Another consideration for 
adopting unit completions for classifying housebuilders in this thesis is that this 
criterion suits most the nature of the study. The usage of offsite can be better described 
in terms of unit completions. Therefore, the list of the top 100 housebuilders by unit 
completions, obtained from the Private Housebuilding Annual (Wellings, 2003), was 
used for the housebuilder survey (Chapter 6). 
3.8 Summary 
This chapter has investigated the use of offsite technologies in housebuilding. It has 
presented the context of UK housing supply, and re-configured the characteristics of the 
industry. The historical evolution of the utilisation of offsite technologies from the early 
twentieth century to the present has been reviewed. The chapter has then explored 
current offsite usage, peoples' perspectives, the driving forces and inhibiting factors in 
respect to the use of such technologies within the context of the recent contextual 
Government and industry research/initiatives. The future potential for offsite has also 
been explored, drawing on the current Government and industry initiatives. The 
literature review has revealed that any attempts to improve housing supply and quality 
will become less effective unless housebuilders are actively involved. Given that little 
previous research has investigated housebuilders per se, the literature review has 
revealed that a focus on the group of large housebuilders; is significant to research in the 
use of offsite. Therefore, this chapter has provided a theoretical basis for achieving the 
second research objective (1.3.2) and addressing the first and second research questions 
(1.3.1). This hereby provides a logical flow to the presentation of the top 100 UK 
housebuilders survey (see Chapter 6). 
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4 OFFSITE: STRATEGIES & DECISION-MAKING - 
4.1 Introduction 
The preceding chapter has reviewed the offsite utilisation in housebuilding and 
investigated the relevant perspectives of the industry. This chapter presents a need for 
research in two areas through a critical review of the related literature. One is to 
investigate strategies being developed and used by housebuilders with regard to the use 
of offsite. The second is to develop a robust, structured and transparent strategy for 
Build System Selection (BSS). In presenting the first need, the chapter reviews the 
strategies recommended in previous research for increasing the take-up of offsite, and 
subsequently, identifies the under-researched area of large housebuilders. This is 
addressed in Chapter 6 and 7. In presenting the second need, the chapter reviews 
general decision-making processes, methods and techniques, and then investigates the 
current decision-making in build system selection. This provides a theoretical basis for 
the development of the decision support tool for BSS, which is addressed in Chapter 8. 
4.2 Strategies Provided in Previous Research 
Previous research has provided a range of strategies for utilising offsite technologies for 
both the construction industry overall and the housebuilding sector in particular. They 
are reviewed in the following sections. The reader is advised to appreciate the term 
$strategy' used in this thesis within the context of its usage for two considerations. 
Firstly, attempts to define 'strategy' abound in the related literature but no one is 
universally accepted (Mintzberg ef al., 2005). The rising number of definitions tends to 
confuse rather than clarify (Norton and Irving, 1999). A comparatively comprehensive, 
practical definition of strategy is provided by Johnson and Scholes (2002: 10) as "the 
direction and scope of an organisation over the long term, which achieves advantage 
for the organisation through its configuration of resources within a changing 
environment and to fulfil stakeholder expectations". This definition is regarded as the 
most favoured. by industry representatives as it emphasised key terms important to 
construction organisations (Price and Newson, 2003). Secondly, strategy exists at a 
number of levels in an organisation, and it is possible to distinguish at least three, 
namely, corporate strategy, strategic business unit strategy and operational strategy 
(Johnson and Scholes, 2002). The term 'strategy' is therefore used in the thesis as a 
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tontext-dependent concept, which reflects industry-wide strategies (e. g. -4.2.1), 
organisational strategies (e. g. 7.3.9) and project-wide strategies (e. g. 7.5.1.5) in relation 
to the utilisation of offsite technologies. 
4.2.1 For the Construction Industry Overall 
The literature presents a wide range of strategies for the industry in relation to the use of 
offsite. They are centred on providing early decision-making (e. g. Sparksman et al., 
1999), integrating offsite into the design process early on (e. g. Gibb, 1999), providing 
proper measurement of the cost and value of offsite (e. g. Pasquire and Gibb, 2002), 
addressing logistics (e. g. Wilson et al., 1999), improving site process management (e. g. 
Dicks, 2004), and increasing knowledge input into all levels of the project process (e. g. 
Blismas et al., 2005). 
The CIRIA report by Sparksman et al. (1999) argues that "Pre-assembly requires 
earlier decisions on design and construction method than conventional construction". It 
also claims that certain items need early design input and client decisions, which must 
be clearly identified. Thus, it is important to agree the timing of information 
requirements for standardised components. For complex projects procured over short 
periods, though there may be some changes to the project brief or description, it is 
significant that the changes are strictly controlled and their full implications are 
explored before changes are implemented. However, these strategies are recommended 
within the context of general construction, with no specific investigation in the housing 
sector. Sparksman et al. (1999) also suggested that "If standardisation and pre- 
assembly are to be used effectively, appropriate decisions must be made at the earliest 
opportunity and a project-wide strategy agreed". This confirms the recommendation 
provided by Gibb (1999) that it is essential to make decisions at an early stage for which 
a project-wide strategy for offsite fabrication should be adopted. This suggestion has 
been developed further by the study of the Offsite Toolkit (Gibb and Pendlebury, 2005), 
in which the project-wide strategy is provided. The toolkit provides a process by which 
project teams can optimise the benefits from offsite. This includes identifying the key 
drivers and constraints for the project, implementing strategies for actions at different 
stages of the project, and measuring outcomes. Nevertheless, the knowledge needs to be 
contextualised into the housebuilding context for use by housebuilding organisations. 
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It has been claimed that, for utilising offsite, good practices of measuring the cost and 
value of offsite should be made available to the wide industry (see Pan, 2006; Pasquire 
and Gibb, 2002). This will help clarify the concerns with the current high housing cost 
that increasing housing supply alone would not address affordability issue nor bring 
house prices down (see ODPM, 2005b). It has also been claimed that the constraints to 
the use of offsite can be addressed on both the individual micro and the broader macro 
level (Blismas et al., 2005). However, though specific tactics can be employed to 
mitigate constraints individually, Blismas et al. recommended addressing the mixture of 
constraints at the broader macro level since these constraints are normally 'intricately 
related with the wider organisational culture'. They constructed a simple model to 
illustrate the relationships between the four themes of constraints: client perception of 
value, processes, supply chains and knowledge, and argued that knowledge input into 
all levels of the project process should be increased for addressing these obstructing 
factors. 
A large number of case studies have been provided on demonstrating good practices of 
the industry (see e. g. Constructing Excellence, 2004b, 2004c; Leading Edge 
Management Consultancy Limited, 2005; NAO, 2005a). Good practices of improving 
business efficiency and quality performance have been showcased in many occasions. 
However, it has been criticised that the case studies provided are generic in nature and 
fail to discuss real details or provide practical guidance (Dicks, 2004). Case studies 
written by industry practitioners are viewed as an opportunity to advertise their products 
and services. It is a common practice to select a project where things went well, and 
highlight the good points, whilst downplaying the bad points. They are "usually 
superficial, due in part to the restricted length, but also to the reluctance of the authors 
to give away any commercially sensitive information" (Dicks, 2004: 6). 
4.2.2 For the Housebuilding Sector in Particular 
The literature above presents a framework of strategies for utilising offsite for the 
construction industry overall. Given the research focus of the study, this body of 
knowledge must be transferred to the context of housebuilding. Several recent 
Government-backed studies examined the strategies for using offsite for the 
housebuilding sector in particular. The Housing Forum (2001) provided strategies 
around the aspects of culture, design and construction, and the regulatory environment, 
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and called for effortsfrom the whole supply chain. The Housing Forum (2002) took a 
more detailed look at the use of offshe technologies and presented the related 
implications to a wide range of stakeholders including housebuilders and developers, 
offsite fabricators, suppliers, surveyors, lenders, insurers and purchasers. However, 
although these initiatives have provided the industry context of offsite applications, in- 
depth investigations of housebuilders; are still needed. The Barker 33 study (2006) 
provided recommendations under five areas, namely, communication, education and 
training, culture change, whole project costing, regulation, and warranty and 
certification. However, decision-making in selecting different modem methods is very 
much less addressed. This is probably because the solutions provided are from a 
strategic point of view of the industry overall, having largely overlooked the context of 
individual organisations. Also, the Barker 33 study appeared to have picked up a MMC- 
promotional approach, which has been questioned for its suitability in the private 
housing sector (see Construction Manager, 2004). Furthermore, in that study, though 
large housebuilders are encouraged to undertake an objective assessment on the 
business case for MMC, their related business motives and concerns have by far not 
been explored. 
4.2.3 The Need for Studying Housebuilders' Strategies for Offsite 
Gillen (1994b) claimed that, though land banking, acquisition and planning delays have 
been covered in detail by the literature, decisions and market strategies on the 
organisational level have been largely overlooked. Strategic decisions need to be taken 
soon about which prefabrication techniques are likely to be most suitable and about 
their implications for the organisation of construction processes (see e. g. Gann and 
Senker, 1993). However, little previous research develops this further into practical 
frameworks or tools for the selection of prefabrication techniques. 
Since offifte technologies were recommended as part of the solution to improving 
construction in the Egan Report (1998), various industry and research initiatives have 
attempted io investigate the industry's use of such technologies. However, these have 
focused on examining peoples' attitudes, perceived drivers and barriers, and 
recommendations for the use of such technologies (e. g. Goodier and Gibb, 2004; Parry 
et al., 2003; Ross, 2002; Venables et al., 2004). The practices of and strategies used by 
housebuilders remain under-researched. This is significant because the environment has 
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become increasingly competitive, challenging, turbulent and unpredictable in these days 
(Cranwell-Ward et aL, 2002). This environment, coupled with the current 
Government's agenda of increasing housing supply and industry concerns over 
improving quality, has presented a need for understanding housebuilders' practices and 
strategies for using offsite. This thesis addresses this need by investigating, in a more 
holistic way, the perspectives, practices and strategies of large housebuilders in relation 
to the use of offsite technoloaies. 0 
4.3 Decision-making 
This section provides a theoretical basis for achieving Objective 5 and 6 (1.3.2). It 
reviews related decision-making processes, methods and techniques, and examines the 
existing body of knowledge of decision support systems, on which the BSS tool 
(Chapter 8) is established. 
Turban and Aronson (2001) claimed that decision-making has been considered as a pure 
art and a talent acquired over a long period of time through experience and learning by 
trial and error. They argued that the decision-making styles are often based on 
creativity, judgment, intuition, and experience rather than on systematic quantitative 
methods grounded in a scientific approach. However, decision-making today is more. 
complicated than it was in the past for the reasons shown in Figure 4.1. 
Figure 4.1 Factors affecting decision-making 
Factor Trend Results 
Technology Increasing More alternatives to 
Information/computer Increasing choose from 
Structural complexity Increasing Larger cost of making 
Completion Increasing errors 
International markets Increasing More uncertainty 
Political stability Decreasing regarding the future 
Consumerism Increasing 
Government intervention Increasing 
Changes, fluctuations Increasing Need for quick decisions 
Adaptedfrom Turban and Aronson (2001: 7) 
The results such as 'more alternatives to choose from', 'larger cost of making errors, 
'more uncertainties' and 'the need for quick decisions' reflect the decision context of 
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build system selection in housebuilding. As a consequence of these trends and changes, 
it is very difficult to rely on a trial-and-error approach to decision-making. Decision- 
makers must become more sophisticated and learn how to use new tools and techniques 
that are being developed in their fields (Turban and Aronson, 2001). 
4.3.1 Decision-making Processes 
Research in decision-making processes abounds in the literature. Decision-making 
processes fall along a continuum that ranges from highly structured to highly 
unstructured decisions. Structured processes are routine, and typically repetitive 
problems for which standard solution methods exist, whilst unstructured processes are 
fuzzy, complex problems for which there are no cut-and-dried solution methods (Simon, 
1977; Turban and Aronson, 2001). Given the Research Objective (5) of developing a 
structured, transparent strategy for decision-making in build systems selection, the 
review in this section focuses on structured approaches. A number of representative 
decision-making processes are provided in Table 4.1. 
Simon (1977) described the decision-making process with a three phrase process of 
intelligence, design and choice (see Table 4.1). This process has been commented by 
Turban and Aronson (2001) as "the most concise, and yet complete characterisation of 
rational decision making". Turban and Aronson conceptualised the model and added a 
fourth phase, implementation. They further argued that, in a structured problem, the 
procedures for obtaining the optimum solution are known and the objectives are clearly 
defiried. In an unstructured problem, human intuition is often the basis for decision- 
making. Semi-structured problems fall between them. The structured approach is 
favoured in management sciences. According to Turban and Aronson (2001), the 
management science approach views that managers follow a fairly systematic process in 
solving problems. It is therefore possible to use a scientific approach to automate 
portions of managerial decision-making (see Table 4.1). The literature also shows a 
close relationship between the decision-making process and the problem-solving 
process. The process provided by Anderson et al. (1997) illustrates the decision-making 
process as part of the problem-solving process (see Table 4.1). 
In addressing structured decision-making problems, Dodgson et al. (2000) developed 
further the knowledge in the literature and suggested the use of the multi-criteria 
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decision analysis (MCDA) approach for addressing "complex problems that are 
characterised by any mixture of monetary and non-monetary objectives" by "breaking 
the problem into more manageable pieces to allow data and judgements to be brought 
to bear on the pieces" and then "reassembling the pieces to present a coherent overall 
picture to decision makers" (p. 38). This approach covers the whole process from 
identifying the decision context till the sensitivity analysis of results (see Table 4.1). It 
offers a structured, transparent approach to addressing complex decision problems with 
a large number of decision criteria involved. It also reflects the complex nature of 
decision-making as a group activity. This approach addresses the context of decision- 
making in build system selection in housebuilding (4.4.1). The MCDA process is 
therefore used as a framework, based on which the detailed steps and sub-steps of the 
BSS tool has been designed (see Chapter 8). 
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4.3.2 Decision-making Variables 
Turban and Aronson (2001) demonstrated the aspects of a typical business decision, 
which reveal the diverse variables in the decision-making process (Table 4.2). 
Table 4.2 Aspects of decision-making and related decision variables 
Aspects of decision-making claimed by Turban and Aronson (2001) Decision variable 
1. The decision may be made by a group. Decision-makers 
2. Group members may have biases. Decision-makers 
3. Groupthink (buy-in by group members without any thinking) can lead to Decision-makers 
bad decisions. 
4. There are several possibly conflicting objectives. Decision criteria 
5. There may be many (hundreds or even thousands) of alternatives to Decision options 
consider. 
6. The results of making a business decision usually materialise in the Decision outcomes 
future. No one is a perfect predictor of the future, especially in the long 
run. 
7. Many decisions involve risk. Different people have different attitudes Decision-makers 
toward risk. 
8. There may not be sufficient information to make an intelligent decision. Decision input/problem 
9. Gathering information and analyzing the problem takes time and is Decision input/probIem 
expensive. It is difficult to determine when to stop this and make a 
decision. 
10. There may be too much information available (information overload). Decision input/problem 
11. Decision makers are interested in evaluating what-if scenarios. Decision-makers 
12. Experimentation with the real system (i. e., investing and seeing what Decision outcomes 
will happen - trial and error) may result in a loss. 
13. Experimentation with the real system is possible only for one set of Decision outcomes 
conditions at a time and can be disastrous. Decision context 
14. Changes in the decision-making environment may occur continuously, Decision context 
leading to invalidating assumptions about the situation. 
15. Changes in the decision-making enviroriment may impact on decision Decision context 
quality by imposing time pressure on the decision makers. Decision-makers 
Gaining knowledge of the relationships between the variables helps understand the 
decision-making process. This consideration is embedded in the design of the BSS tool 
and explored through the validation events (see 5.6.2 and 8.13). For validating the tool a 
conceptual model of decision variables is developed (Figure 4.2). The model integrates 
the decision variables identified by Turban and Aronson (2001) and the literature on the 
decision-making process (4.3.1). However, the validation of the tool in this thesis tests 
the relationships between the decision outcome, the decision-maker, decision methods 
and decision criteria only. The relationships between the decision outcome and other 
variables are not applicable in this thesis since the context of build system selection is 
pre-specified to housebuilding organisations. 
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Figure 4.2 Conceptual model of decision variables 
Decision Context (DC) 
Decision Problem (DP) 
Decision Objectives (DOb) 
Decision Makers (DM) 
Decision-making process 
Decision Methods 
Decision Criteria 
4.3.3 Decision-making Methods and Techniques 
Decision Outcomes (DOu) 
This section reviews the decision-making methods and techniques used in the BSS tool. 
The method statements of the methods are, in effect, explained along with the 
presentation of the tool (see Chapter 8), in order to provide the reader with a logical 
flow of the methodology of the tool. This section aims to enlarge the theoretical base of 
the methods and techniques and to provide justifications for their use in the tool. 
Dominance 
Dominance occurs when one option performs at least as the same as others on all 
criteria and is significantly better on at least one criterion (Dodgson et al., 2000). 
Dominance can be used for eliminating those decision options which are considered as 
inferior to other options. This can be carried out as a screening process to reduce the 
number of decision alternatives based on overall performance on certain criteria 
(Sonmez, 2002). This process is therefore helpful for the implementation of structured 
sifting when a large number of decision alternatives are given in the first instance 
(Dodgson et al., 2000). This is of great importance for build system selection due to the 
large number of options available currently. Also, the use of dominance is extended to 
check decision criteria as well in the study. This helps identify any dominant decision 
criteria and thus simplify the process of selection. However, the use of dominance is 
largely limited by its sensitivity to errors in the data in the performance matrix and 
inflexibility to the addition or removal of even a single option to or from the set under 
consideration (ibid). 
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Analytical Hierarchy Process (AHP) 
The AIHP, developed by Saaty (1980; 1994), is "a theory of measurement concerned 
with deriving dominance priorities from paired comparisons of homogeneous elements 
with respect to a common criterion or attribute" (Saaty, 1994: 426). The ABP has been 
very widely applied as a mathematical tool in multi-criteria decision analysis 
(Triantaphyllou, 2001; Vaidya and Kumar, 2006; Vargas, 1990). The AHP is based on a 
matrix of pair-wise comparisons between attributes, and it can be used to evaluate the 
relative performance of decision options with respect to a decision hierarchy consisting 
of one or several criteria (Vargas, 1990). According to Dodgson et al. (2000), the ABP 
provides benefits in terms of focusing decision-maker's attention on developing a 
formal structure to capture all important factors likely to differentiate a good choice of 
an option from a poor one. Pair-wise comparisons are generally found to be readily 
accepted in practice as a means of establishing information about the relative 
importance of criteria and the relative performance of options. This approach is 
therefore used in the tool for establishing the relative performance between the 
benchmark build system and other options (see 8.8.1). Despite the wide application and 
the benefits, the use of the AJHP has been criticised for problems including rank 
reversals, the inconsistency of the scale points used, the lack of theoretical foundation of 
the link between the verbal descriptions and the scores (see Goodwin and Wright, 1998; 
Leskinen, 2000; Poyhonen et al., 1997; Triantaphyllou, 2001; Vaidya and Kumar, 
2006). Considering the merits and limitations, the ABP is used for weighting the criteria 
at the objective level of the decision hierarchy only in this study. 'Ihis avoids the 
problem of rank reversals but also addresses the decision problem (see 8.7.1 and 9.3.3). 
Multi-Attribute Utility 
Keeney and Raiffa (1976), drawing on the earlier normative utility foundations, 
developed a set of procedures allowing decision-makers to evaluate multi-criteria 
options in practice. Their procedures include three building blocks (Dodgson et al., 
2000). First is the performance matrix and the second is procedures to determine 
whether criteria are independent of each other or not. The third consists of ways of 
estimating the parameters in a mathematical function which allow the estimation of a 
single number index, U, to express the decision-maker's overall valuation of an option 
in terms of the value of its performance on each of the separate criteria. Although well- 
regarded and effective, this approach is relatively complex since it seeks to take account 
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both of uncertainty and evaluating in terms of several criteria. Overall experience using 
this model suggests that multi-attribute utility theory is usually applied to problems 
where uncertainty levels are high and when specialists are available for its 
implementation (Dodgson et al., 2000). It has also been argued that the utility theory 
"makes a major distinction between values, appropriate to decision-making in riskless 
situations, and utilities, appropriate to decision-making in contexts involving risk" 
(Edwards and Barron, 1994: 310). The integration of risks makes the use of the utility 
approach more complicated. 
Simple Multi-Att7ibute Rating Technique (SAMRT) and Its Revised Versions 
In practice, a simpler and more transparent decision support is desirable in order to 
allow a quicker implementation by a wider range of users and for a larger set of 
problem types. The study by Edwards (1977) helped address this by proposing the 
Simple Multi-Attribute Rating Technique (SMART). Edwards claimed that more nearly 
direct assessments of the desired quantities are easier and less likely to produce 
elicitation errors. In correcting an 'intellectual error', SMART was developed into 
SMARTS (SMART using Swings) (Edwards and Barron, 1994) and SMARTER 
(SMART Extended to Ranking) (Barron and Barrett, 1996). SMARTS uses linear 
approximations to single-dimension utility functions, an additive aggregation model and 
swing weights. SMARTER uses the same procedures as SMARTS except that it omits 
the step in swing weights, substituting calculations based on ranks, and so is simpler to 
use (Edwards and Barron, 1994). 
The literature shows that several surrogate weighting methods, based on rankings, have 
been proposed. These include equal weights (EW), rank sum (RS) weights and rank 
reciprocal (RR) weights (Stillwell et al., 1981), rank order centroid (ROC) weights (see 
e. g. Roberts and Goodwin, 2002; Barron and Barrett, 1996) and rank order distribution 
(ROD) weights (Roberts and Goodwin, 2002). Their specific formulas can be obtained 
from the literature and so are not repeated in the thesis. All of these surrogate weighting 
methods are based on the same theory of translating rankings to weights that represent 
an approximation of the 'true' weights (Roberts and Goodwin, 2002). They are all 
simple to use and useful when the decision-maker lack necessary information. However, 
these rank-based methods are less applicable in this study because: 
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These rank-based weighting methods provide 'surrogate' weights by using 
mathematical transformation of rankings, not reflecting the 'true' weights. 
The weighting exercise in this study aims to facilitate the decision-making 
process, not just generate some weights as 'end products'. Interactions by 
decision-makers in the weighting process are crucial. 
For this study, if there is a lack of information for obtaining the 'true' weights, 
better procedures to obtain more information should be provided. It is less 
meaningful to elicit 'surrogate' weights based on rankings. 
Rate Sum method 
Drawing on the rank-based methods above the study developed the Rate Sum method. 
This method was used for producing the weights of the participants in workshops for 
combining the quantitative results. Ilie use of 'mean, median, or mode' (see 
Christensen and Stoup, 1991) would not reflect the 'reality' of the overall picture of the 
team's perspective but skew the overall results when the number of participants is not 
large enough. However, the use of the Rate -Sum method provided a technique to 
translate the rates into 'surrogate weights' that represent an approximation of the 'true' 
weights (see Roberts and Goodwin, 2002; Stillwell et aL, 1981). This approach provides 
a useful, convenient way for transforming the verbal measurements, in grades, e. g. 
essential, into numerical scores for integrating participants' perspectives when simple 
average mean methods are not suitable. Though it may be argued that the weights 
obtained lack robustness, the point here is to illustrate the 'descriptive analysis' of the 
team's views rather than to generate 'scientifically accurate' scores. 
Direct rating method 
The direct rating method uses direct numerical ratio judgements of relative attribute 
importance (von Winterfeldt and Edwards, 1986). Roberts and Goodwin (2002) 
proposed two approaches of implementing this method to elicit weights for attributes. 
First, the decision-maker assigns an arbitrary importance of 10 to the least important 
attribute. Then the next most important attribute is identified and a decision is made 
about how much more important it is than the previous attribute and so on. The raw 
weights are then normalised to sum to either 1 or 100 (see Goodwin and Wright, 1998). 
Ibis approach is called 'Bottom-up Direct Rating' in this thesis (see e. g. 8.7.1). The 
second approach involves arbitrarily assigning a raw weight of 100 to the attribute 
70 
Chapter 4- Offsite: Strategies & Decision-making 
where switching from the worst to the best option on that attribute is most desirable. ---- 
The desirability of making similar worst-to-best switches on each of the other attributes 
is then assessed relative to this, yielding raw weights on a scale with a maximum of 100. 
Finally the weights are normalised as well. This approach is called 'Top-down Direct 
Rating' in this thesis (see e. g. 8.7.1). The concept of direct rating is also used for 
assessing the performance of build systems in grades (see 8.8.1). This assessment is 
based on the use of a 7-point rating scale (see Moser and Kalton, 1971; Oppenheim, 
1992). The design of the scale in seven points reflected the general principle that 
humans' short memory limit is seven plus or minus two (Miller, 1956). 
Point allocation method 
By using the point allocation method, the decision-maker has a 'budget' of points to 
allocate between the attributes in a way that reflects their relative importance (Roberts 
and Goodwin, 2002). The 'budget' is normally 100 points, which avoids the step of 
normalisation since the sum of 100 is already prescribed. However, the use of this 
method has been regarded as a more difficult task since the decision-maker may need to 
worry about the constraint that the total must be some specified value (see Doyle et al., 
1997). Though the point aIlocation method and the direct rating method seem to be 
minor variants of each other, previous research shows that they produce different 
profiles of decision weights (see e. g. Jia et al., 1998). 
Selection of decision-making methods 
The review reveals that there are many decision-making methods and techniques and 
their number is still rising. It is of "utmost importance to learn the possible differences 
of the methods and to avoid the risks of behavioural biases in multi-attribute modelling" 
since "different weighting methods have been shown to lead to different weights 
although they are based on the same theoretical assumptions" (Poyhonen and 
Hamalainen, 2001: 569). However, it is neither necessary nor desirable to explore all 
these techniques in detail. As commented by Dodgson et al. (2000: 16) on, the many 
multi-criteria analysis techniques, "some are oriented towards issues which public 
sector decision makers are unlikely to encounter, some are complex and untested in 
practice; others lack sound theoretical foundations". Though researchers are still 
seeking 'superior procedures", the origins of the differences in the resulting weights 
have remained unclear (Poyhonen and Hamalainen, 2001). 
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For selecting decision-making methods and techniques Dodgson et al. (2000) suggested 
using the following criteria: internal consistency and logical soundness; transparency; 
ease of use; data requirements not inconsistent with the importance of the issue being 
considered; realistic time and manpower resource requirements for the analysis process; 
ability to provide an audit trail; and software availability, where needed. Sonmez (2002) 
argued that the decision to choose a method is entirely up to the decision-maker since 
there is no certain definition of methods that should be used for particular type of 
decision problems. He suggested that the decision-maker is "informed about these 
various methods and then required to choose and use the one they find easy to 
understand and apply' (p48). This thesis combines these two types of perspectives for 
selecting the decision-making methods for use in the BSS tool. Detailed considerations 
for selection are provided in Chapter 8 (see 8.3 for overall, 8.7.1 for weighting and 8.8.1 
for scoring). The important point is that, as claimed by Edwards and Barron (1994: 
321), "the most important goal of decision analysis is insight, not numerical treatment'. 
Ibis embodies the development of the process of measuring and scoring in the tool (see 
9.3.4). Poyhonen and Hamalainen (2001) also suggested that the effects on resultant 
weights when the weighting method changes should be recognised and that the use of 
weighting methods should be adjustable against particular decision situations. This 
suggestion has been taken for designing the weighting methods in the tool (see 8.7.1). 
4.3.4 Decision Support Systems 
Many decisions are too complex or too important for decision-makers to make choices 
based solely on instinct and past experiences. In the case of build system selection, the 
decision-making involves various housebuilding stakeholders (8.4.2), uses a large 
number of tangible and intangible criteria (8.6), fares hundreds of alternative systems 
available from the market (Mtech Group, 2004a), and is constrained by limited 
resources of housebuilding organisations (POST, 2003). It is very unlikely for any 
single decision-maker to meaningfully combine all of this information and make 
informed decisions. 
A Decision Support System (DSS) can structure the decision-making process, improve 
the quality of the information on which the decision is based, and, thus, allow decision- 
makers to understand the nature of problems better so that they can make better 
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decisions (Turban and Aronson, 2001). DSS is used by some as a specific tool while the 
term is also sometimes used as an umbrella term to describe any and every 
computerised system used to support decision-making in an organisation (ibid). The 
design of such tools/systems needs to address the challenge that they should perform 
"complex. tunctions", but also are simple to use, "preferably with minimal training or 
change to their existing method of working" (Pasquire et al., 2005: 482). Li and Love 
(1998) suggested that, fundamentally, DSS are systems designed to support decision 
makers, and there are two basic approaches to developing decision support systems: 
operations research (OR) and artificial intelligence (Al). "OR based DSSs utilise 
mathematical methods to solve problems, and OR techniques can be used to abstract a 
problem into relationships and construct a model of reality ... Normally, OR based 
DSSs are used to solve well structured decision problems. The focus of AI research is 
on the design of systems that can solve problems traditionally considered to be solvable 
only by intelligent humans ... 7hey can be applied to solve semi and 
ill-structured 
problems" (Li and Love, 1998: 724). 
Attention to DSS research in construction is rising, having been shaped largely by the 
advances in Information Technology (IT). Many IT based DSSs have been developed to 
support decision-makers in'construction in gathering information, identifying available 
alternatives, and selecting the optimal solution (Li and Love, 1998). However, this body 
of knowledge appears to have overlooked the area of build system selection in 
housebuilding. There also exists a lack of research that combines the use of OR and AI 
approaches in addressing complex decision problems. 
4.3.5 Knowledge-based Decision Support Systems 
It is generally accepted that knowledge is a vital organisational and project resource that 
gives market leverage and contributes to organisational innovations and project success 
(Egbu, 1999; Nonaka and Takeuchi, 1995). It is often possible to use past knowledge 
and expertise to expedite decision-making. Therefore, it does not make sense to 
'reinvent the wheel' each time a decision is made (Turban and Aronson, 2001). This is 
significant given the challenges facing decision-making, including more alternatives to 
choose from, more uncertainties about the future, larger costs of making mistakes and 
requirements for quick decisions (see Figure 4.1). The development of decision support 
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systems -should hence embody the philosophy -of managing knowledge, regarding 
knowledge management as an asset rather than a liability (Anumba et al., 2005). 
Organisational knowledge is a mixture of tacit and explicit knowledge. According to 
Egbu and Robinson (2005), tacit knowledge is stored in individuals' heads, and is a 
product of experiences, insights and intuition which could be technical or cognitive. 
This type of knowledge is experiential, judgmental, context-specific and therefore 
difficult to codify and share. Explicit knowledge is stored as written documents or 
procedures. It is codifiable and reusable in a consistent manner and therefore easier to 
share (ibid). Knowledge management helps organisations identify, select, organise, 
disseminate and transfer important information and expertise that typically reside within 
the organisation in an unstructured manner. This enables effective and efficient 
decision-making (Turban and Aronson, 2001). Knowledge management can also 
promote organisational Iearning, leading to further knowledge creation. Therefore, it is 
of great importance for decision support systems to facilitate the management of these 
two types of knowledge and the conversion of tacit knowledge to explicit for 
organisational learning (see Turban and Aronson, 2001). The structured decision- 
making process (see 4.3.1) enables transparency of the process and the accumulation of 
knowledge in a manageable and reusable manner. Knowledge repositories (see 
Davenport and Prusak, 1998; Turban and Aronson, 2001) should be provided as part of 
decision support systems, in which knowledge can be stored. This applies to both tacit 
and explicit knowledge. The knowledge repositories capture tacit knowledge in a 
structured format, and filter, organise and store explicit knowledge to make them 
available efficiently and effectively (Turban and Aronson, 200 1). The review of existing 
knowledge above reveals the significance of developing knowledge-based decision 
support systems which provide massive learning benefits and are crucial to enhance 
organisational competitiveness. 
4.4 Decision-making in Build System Selection 
Building on the theoretical basis provided in Section 4.3 this section reviews the 
decision-making in build system selection for housebuilding. It also illustrates the 
existing knowledge by presenting a secondary case vignette of selecting build systems 
for a housing scheme. 
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4.4.1 Significance of Build System Selection- --- 
A number of publications have emphasised the importance of early decision-making to 
realising the potential benefits from offsite (e. g. Buildoffsite, 2005; Gibb, 1999; Neale 
et al., 1993; Sparksman et al., 1999). However, in practice, late decisions are often 
made by stakeholders including clients (Gibb and Isack, 2003) and their professional 
advisors (Pan et aL, 2004). This is significant given that there are currently over 100 
offsite systems, being supplied by over 300 offsite manufacturers and suppliers in the 
UK market (Mtech Group, 2004a). Housebuilding organisations, therefore, have to 
select appropriate build systems for their projects from such a huge number of options. 
Furthermore, this situation is worsened by the fact that information on different build 
systems is normally limited at conceptual design stages. Housebuilding firms, 
particularly in the private sector, tend to leave their decision-making as late as they can 
to reduce financial risks. Therefore, housebuilders are concerned with how to manage 
risks and avoid wrong early decisions with regard to the selection of offsite techniques. 
This importance of BSS has also been emphasised by offsite consultants in the market 
that a wrong decision on offsite system selection during design processes may exploit a 
new technology inappropriately and expose the business to unacceptable levels of 
innovation risk (Mtech Group, 2004b; Richards, 2004). Recent research (Dozor et aL, 
2004) suggests that there is a positive relationship between residential house defects and 
the structural framing used. These studies, altogether, reveal that selecting appropriate 
build system for housebuiIding is very critical. 
4.4.2 Existing Knowledge of Build System Selection 
There appears to be a lack of knowledge of BSS in housebuilding. A wide search of 
recent publications only generates half a dozen studies that provide models/processes on 
the selection of either construction systems, methods or materials. These 
models/processes are presented in Table 4.3 in a comparative manner. 
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The comparison of the processes/models (Table 4.3), coupled with the review of the 
related literature, generates a few observations on the existing body of knowledge of the 
decision-making in BSS. First of all, none of the models/processes is confmed for use 
to the context of housebuilding. All of the models/processes, except for that provided by 
Mtech Group (2004b), are not for selecting offsite technologies per se. For the process 
provided by Mtech Group (2004b), no details are given in the source and that process 
was developed with a focus on the project team for project developments. Further work 
needs to be carried out to identify the organisational context of housebuilding 
companies and, thus, to integrate the implications of the context into the decision- 
making process. 
Secondly, the processes provided in the studies other than Mtech Group (2004b) and 
Delves et al. (2001) do not present a comparatively complete process of multi-criteria 
decision analysis. It is unclear from the studies (e. g. Rogers, 2000; Soetanto et al., 
2004b; Nassar et al., 2003) how the decision context was established and on what basis 
the options under consideration were obtained. Thirdly, the processes/models present 
the use of a variety of scoring and weighting methods. However, the use of the scoring 
and weighting methods is not justified in most of the studies. The lack of rational, 
justifiable weighting of decision criteria also exists in industry practices. As identified 
by Pasquire et al. (2005), "there still seemed to be an expectation that a building not 
only could but had to JWH all and every aspect of a Client's "wish list" with equal 
weighting". They also found that project team members were all approaching a project 
with an individual view of benefits rather than a project view of value. Fourthly, most 
of the processes/models stop after generating an order of priority of the options under 
consideration. They do not include steps of examining the consistency of final choices 
and integrating risks and uncertainties. Though the process provided in Mtech Group 
(2004b) includes such a step of reviewing findings using sensitivity analysis, no detailed 
information is provided in the study due to commercial reasons. These three points on 
the overall process suggest that there is a need for transferring knowledge of decision- 
making from operations management (see 4.3.1) and construction management in 
general to housebuilding. 
Finally, there appears to be a lack of rational, robust and balanced decision criteria for 
build system selection in housebuilding. This is understandable given the current lack of 
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research into decision-making in build system selection in housebuilding. Also, such a- 
selection is often based on cost rather than value (Pasquire et al., 2004). Though many 
criteria were used for assessing construction systems and methods, they are largely 
constrained to technical processes from designers' perspectives (see e. g. Nassar et al., 
2003) and/or construction processes (see e. g. Idrus and Newman, 2002; Rogers, 2000). 
Soetanto et al. (2004a, 2006) provided a list of criteria for structural frame selection, 
drawing on existing knowledge and the perspectives of wide practitioners including 
clients, designers and contractors. This contributes to achieving a more objective and 
systematic frame selection by project team participants. However, the list of criteria 
lacks an input of the organisational business context, e. g. criteria on supply chain 
management and acceptance of insurers and financers. These organisational business 
criteria are too significant to decision-making in system selection in housebuilding to be 
implicit or overlooked. Also, many criteria used in previous research are presented in 
general terms, e. g. cost and time, but no clear explanations are provided. This raises 
concerns over the reliability of measurements obtained since the criteria in general 
terms are in effect mutually interactive. It has been demonstrated that decisions to 
compare traditional and offsite solutions for construction in general are largely based on 
material, labour and transportation costs, whilst other cost-related items such as site 
facilities, crane use and rectification of works are disregarded, and softer issues such as 
health and safety, effects on management and process benefits are either implicit or 
disregarded (Blismas et al., 2006; Pasquire and Gibb, 2002). 
Birkbeck and Scoones (2005) claimed that, although the technical criteria for selecting 
one approach over another often tend to be overridden by circumstances in the UK, 
criteria including cost, supply, technical considerations, building height do play a part in 
helping designers and builders decide the most appropriate structural form. Aesthetics 
are rarely a consideration, as the structural systems are seldom expressed as part of the 
overall external presentation of the buildings (ibid). It has also been argued that steel 
structures provide greater resource efficiency than concrete or all-timber structures 
(Prewer, 2005). The availability of materials, in this sense, could be another criterion for 
build system selection, but it is less relevant to decision-making in the organisational 
context. Taking all these studies together, though a wide range of factors of 
consideration have been identified in previous research, there is still a shortage of 
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systematic, balanced, rational criteria for the decision-making in build system selection 
in housebuilding. 
4.4.3 Evaluation of BSS Practices: A case vignette 
This case vignette is based on desk work and information from a joint presentation by 
Bowker Sadler Partnership, Lovell Partnerships and Kingspan Group UK and Ireland as 
part of the programme 'Prefabulous Homes 6' held in July 2004. The information was 
previously published in the Prefabulous Homes Programme (Birkbeck and Scoones, 
2005). However, the case vignette is rewritten with a focus on decision-making in build 
system selection. It aims to improve the understanding of the current practices of 
selecting build systems, and, thus, to help identify areas for improvement. 
The project context of the case vignette 
The case vignette is based on the project team's experience of selecting MMC systems. 
The project was a 550 new homes scheme in East Beswick, New East Manchester, as 
part of the City Council's Regeneration Programme. The project team included New 
East Manchester URC as the client, Lovell Partnerships as the developer, PRP/Bowker 
Sadler Partnership as the architect and Kingspan TEK as the specialist panel supplier. 
The team aspired to build on the sense of vibrancy and freedom of aesthetics that had 
characterised recent development in Manchester. 
Thý context of selecting build systems 
As an extension of the design concept from the team and in addressing the Egan agenda, 
Lovell was keen to explore the use of MMC at the project. This led to investigating a 
structural envelope that would provide significant reduction in the reliance on wet 
trades, speed of erection, high elemental thermal properties and quality finishes 
throughout. A number of systems were evaluated, including structurally insulated 
panels (SIPs), timber frame, thin joint masonry, lightweight steel frame and pre- 
insulated concrete frame. 
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Criteria for selection 
The following criteria were used for the evaluation. 
" Design, in particular the system's ability to achieve the designer's requirement, 
and the relationship and ability to integrate with secondary supporting structures 
" Cost, especially the effect on prelims and follow-on trades 
" Thermal perfon-nance 
Speed of build 
Interface with other elements 
Supply risk 
The system's ability to be erected in inclement weather 
Health and safety in relation to installation and handling 
Evaluation of build systems 
A basic matrix (Table 4.4) was developed to assess the various systems. Performance 
categories were identified and weighted in terms of their priorities. However, the 
weighting process and results are not provided in the original source. Lovell did not 
claim the scientific rigour of its choices, but was satisfied that an appropriate selection 
was made for that particular project. 
Table 4.4 Performance matrix for evaluating build systems - case vignette 
System Good Poor 
Timer-frame Thermal, health and safety, Cost, design, interface 
"eathei iisk 
Thin-joint masonry Cost, interface Thermal, speed of erection, 
supply, weather risk 
Structurally inSLIlated Design, thermal, speed of erection, 
Panels (Sll's) weather i isk, health and safcty 
Pre-insulated concrete Design, speed of erection, Cost, supply 
interface, weather risk 
Light steel frame JUdged unsuitable for the design, 
especially in relation to cantilevers 
Source: Birkbeck and Scoones (2005) 
Interpretation and verification of the results 
The assessment demonstrated that SEPs were the most appropriate, scoring 10% higher 
than the nearest option. The main benefits of SIPs for this project were exceptionally 
high thermal structural performance, ease of interface with steelwork, and the system's 
ability to act as wall and roof system. There was no compromise to the architects' vision 
since it indeed met architecturally challenging design with large open integral voids and Z: 5 1-1 
slender details. From the contractor's point of view, it provided quality of build and 
speed of erection, was simple to work with, and provided good value. The results were 
verified through the previous experience of Lovell in a 22-unit housing scheme in 
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Manchester that involved the use of Kingspan's SIP system called TEK Haus. Feedback 
from the construction team confirmed the claims for the system and showed an 
approximate 25% reduction in overall programme. However, there were also perceived 
problems such as the current lack of subcontractors who understand the system, and the 
interface with ground slab and the external fabric. In addressing these problems, the 
manufacturer encouraged a contractor knowledge base through training courses and 
certification schemes with CITB. The manufacturer had also invested heavily in getting 
recognition from insurers and agreement schemes, which is normally regarded as 
critical for the use of new MMC systems. 
Findings of the case vignette 
The case vignette has revealed that the decision-making process in build system 
selection taken for the project appeared to have reflected the approach of multi-criteria 
decision analysis. Unfortunately, no detailed analysis of the evaluation process is made 
in the vignette due to the unavailability of the original data. However, the vignette 
reveals that the criteria used for system selection were by far not covering the aspects of 
important considerations, nor provided enough explanations of the factors that were 
provided. The failure to include other important factors would cause an unbalanced, 
thus, invalid comparison between systems. Insufficient explanation of the existing 
criteria would cause misunderstanding or mconsistent use, which will spoil the 
reliability of evaluation results. Another finding is that the performance matrix provided 
in the original source seems to be too simple to support a rational evaluation of the 
systems. Detailed performance data of the systems would be useful. However, the case 
vignette is limited by the difficulty to validate the information due to the limited 
resources for the study and the commercial sensitivity of the detailed information on the 
evaluation. To sum up, the case vigneete, through presenting a real example of selecting 
build systems in housebuilding, reveals that, to achieve a valid and reliable selection, 
the process should be structured, decision criteria should be rational and justifiable, the 
weighting and scoring procedures should be transparent, and there should be databases 
of performance data of build systems. 
4.4.4 The Need for a DST for Build System Selection 
The review of the related literature has revealed that, in the industry overall, there is 
very limited knowledge available, at the momeht, regarding build system selection in 
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housebuilding. A direct effect of this on housebuilding organisations is that they have to 
rely on their past experience and professional knowledge for decision-making. This 
inhibits the take-up of offsite techniques and systems. 71ough there exists some degree 
of understanding of the decision-making process in some organisations, there remain 
significant areas for improvement. These are centred on the overall decision-making 
process, decision criteria, weighting and scoring methods, and results examination and 
validation. Therefore, there is a need to improve the decision-making in build system 
selection. This is significant given the current under-supply of housing and the slow 
take-up of offsite technologies in the industry. Considering the existing knowledge base 
and the rate of general taking up ideas and innovations by the industry, the improved 
approach to decision-making is suggested in the form of a practical tool supported by a 
series of 'soft' checklists and databases. The detailed description of the development 
and validation of such a tool is provided in Chapter 8. 
4.5 Summary 
'Ibis chapter has presented a need for research in two areas through a critical review of 
the related literature. The two areas are to investigate strategies being developed and 
used by housebuilders in relation to the use of offsite, and to develop a robust, 
structured and transparent strategy for build system selection. For justifying the first 
need, the chapter has reviewed the strategies provided in previous research and 
identified that the practices and strategies of large housebuilders have been previously 
overlooked. For justifying the second need, the chapter has reviewed general decision- 
making processes, methods and techniques, and also examined the current decision- 
making in build system selection. The first need for research leads to the presentation of 
the results of housebuilders' practices and strategies (Chapter 6 and 7), which addresses 
the third research question (1.3.1). The second need leads to the development and 
validation of the decision support tool for BSS (Chapter 8), which addresses the fourth 
research question (1.3.1). 
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5'* RESEARCH DESIGN & METHODOLOGY 
5.1 Introduction 
The last chapters (2,3 and 4) have provided a theoretical and literature context for the 
study which enables the formulation of the research aim, objectives and issues (see 
Table 1.1). The study aims to provide a strategy for housebuilders to optimise the use of 
offsite technologies. To achieve this aim, four research questions (1.3.1) and six 
objectives (1.3.2) have been developed upon which the data collection and analysis 
were guided. This chapter explains how the research was pursued methodologically. It 
starts from the introduction of the fundamental philosophical considerations, and 
proceeds to the presentation of the methodological framework of the study, explaining 
how the research was approached and designed. The research design is presented, in a 
logical, research-question order (see Glatthorn and Joyner, 2005), in the three main 
components of the study, namely, the housebuilder survey (Chapter 6), the case study 
(Chapter 7) and the BSS validation (Chapter 8). The housebuilder survey achieves 
Objective 2 and 3 by addressing the first two research questions. It also provides a 
knowledge base on which the case study achieves Objective 4 and 5 by addressing the 
third and fourth research questions. The BSS validation achieves Objective 6 by 
verifying the data and methods in the tool in the wider industry and academic domain. 
Finally, the chapter explains and justifies the methods for data analysis, which embody 
the approach of mixing the use of qualitative and quantitative methods. 
5.2 Philosophical Considerations 
Philosophical considerations for designing research have been widely explored in the 
literature and they are normally categorised under the themes of epistemology, ontology, 
methodology and axiology (see Blismas, 2001; Bryman, 2004; Creswell, 1994; Crotty, 
1998; Fitzgerald and Howcroft, 1998). In their simplest terms, ontology is that 
researchers make claims about what is knowledge, ' epistemology is how we know it, 
axiology is what values go into it, and methodology is the processes for studying it 
(Creswell, 1994). This section, with the presentation of the definitions of some basic 
concepts such as theory, research and reality, addresses the epistemological and 
ontological considerations for the study. This fundamentally determined the way in 
which the research was developed and the means by which 'reality' was approached. 
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Considerations under the themes of methodology and axiology are more related to 
research design and practical issues which are addressed in the subsequent sections. 
5.2.1 The Concepts of Theory, Research and Reality 
The terms 'theory' and 'research' are used in a variety of ways. It appears that their 
relationship determines all philosophical attempts. In their most common meanings, 
theory is an explanation of observed regularities whilst research is all types of human 
activities attempting to test or build theories (Bryman, 2004). Wing et al. (1998) 
suggested that research is a lot more than merely finding out something that people do 
not already know. Research goes beyond description and requires analysis. It looks for 
relationships, comparisons, predictions, generalisations. Research is a form of 
systematic enquiry. Wikipedia (2006), the free encyclopaedia, provided a even more 
general definition of research: "Research is o en described as an active, diligent, and . 
ft 
systematic process of inquiry aimed at discovering, interpreting and revising facts. Ais 
intellectual investigation produces a greater understanding of events, behaviours, or 
theories, and makes practical applications through laws and theories. 77ze term 
research is also used to describe a collection of information about a particular subject, 
and is usually associated with science and the scientific method'. The term 'reality', in 
its widest sense, includes everything that exists, whether it is observable, accessible or 
understandable by science, philosophy, or any other system of analysis (Wikipedia, 
2006). Reality in this sense may include both being and nothingness, which is distinct 
from that being normally understood in connection with objective existence only (ibid). 
5.2.2 Ontological Considerations 
In philosophy, ontology is the most fundamental branch of metaphysics. It studies being 
or existence and their basic categories and relationships, to determine what entities and 
what types of entities exist. Ontology thus has strong implications for conceptions of 
reality (Wikipedia, 2006). Bryman (2004: 16) suggested that ontology, in the domain of 
social research, is concerned with "whether social entities can and should be considered 
objective entities that have a reality external to social actors, or whether they can and 
should be considered social constructions built up from the perceptions and actions of 
social actors". These positions are frequently referred to respectively as objectivism and 
constructionism, the latter being often also referred to as constructivism. 
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5.2.3 Epistemological Considerations 
Epistemology is the branch of philosophy which studies the origin, nature, and scope of 
knowledge (Wikipedia, 2006). Bryman (2004: 11) suggested that epistemology, again in 
the domain of social research, is concerned with "whether the social world can and 
should be studied according to the same principles, procedures, and ethos as the 
natural sciences". The position that affirms the importance of imitating the natural 
sciences is invariably associated with an epistemological position known as positivism. 
The position contrasting to positivism is called interpretivism which is based on the 
view that "a strategy is required that respects the differences between people and the 
objects of the natural sciences and therefore requires the social scientist to grasp the 
subjective meaning of social action" (Bryman, 2004: 13). 
5.2.4 Approaching 'Reality' 
Seymour et al. (1997) quoted Blumer's book (1969: 21) that "'Reality'for empirical 
science only exists in the empirical world, can be sought only there, and can be verified 
only there", and suggested that the nature of construction management practice, as an 
empirical science, must be the starting point, the focus, the culmination and the arbiter 
of all theoretical activity. Seymour et al. (1997) claimed that the approach "to 
concentrate upon the interpretative methods that researchers and managers use. to make 
sense of the world". They argued that this approach, comparing to the rationalist 
paradigm, "yields an investigation that is primarily concerned with meaning rather than 
causality, and produces an account that recognises the respective viewpoints of 
practitioners in the process. It is our belief that such an account better reflects the 
realities of construction management as a practice" (p 118). However, Seymour et al. 's 
claim of 'interpretativism' has been widely criticised for its narrow focus on, and 
campaign of, one single paradigm and incorrect implication that rationalism is 
necessarily quantitative (e. g. Harriss, 1998; Raftery et al., 1997; Runeson, 1997; Wing 
et al., 1998). These critics suggest that the way forward for construction management 
research is through methodological pluralism and paradigm diversity. Ibis brings 
forward another question, i. e. on what basis to choose the research approach. Wing et al. 
(1998) suggested that this depends upon the existing body of knowledge in the specific 
area under study, the objectives and perspectives of the research, the quality of available 
data, the needs of the particular stage reached and the type of knowledge to be 
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discovered. However, Wing et al. 's sweeping claim (1998: 103) that "But at the end of 
the day only scientific investigation produces positive knowledge which explains human 
behaviour and provides solutions to construction management problems. Work which 
produces solutions to ad hoc problems in circumstances which are so specific as not to 
be replicable does not constitute research as defined in the academic world" shows a 
clear favour of naturalism/positivism, and does not take account of the 'analytic 
replication' advocated by most interpretativists (see Yin, 2003). The point of replication 
is farther addressed in the sections of the main study components design (5.4 and 5.5). 
This research examined the 'reality' of the knowledge to which it attempted to 
contribute, and the way in which the knowledge has been claimed and justified. 
Drawing on the philosophical debate presented above, the thesis approaches the 'reality' 
of knowledge. It sets up the fundamental point of study which is to explore how 
housebuilders perceive and behave in relation to the use of offsite within the industry 
and organisational context. This leads to the arguments on the 'paradoxical disparity' 
between the widely documented benefits from offsite and the current low usage and 
slow take-up of such technologies (see Chapter 4,6 & 7). The philosophical 
considerations embedded in the research address the characteristics of industry 
stakeholders in gaining knowledge, i. e. through both empirical experiencing and 
rational perception/reflection. It also enables the dynamic nature of the research context 
to be taken into account in the research design. Another philosophical consideration the 
thesis takes is that, to study the current and future utilisation of offsite, its history should 
be investigated in order to identify the regularity of its development. This position 
determines the writing of the sections in the thesis, including the historical evolution of 
the concept of offshe (2.2) and its use (3.4), the history of the case study company 
(7.3.2), the contextual Government and industry offsite-related research/initiatives 
(3.5.1), and the practical considerations for the research (5.3.2). 
5.3 Research Approach and Design 
This section introduces a research design process and explains the practical 
considerations for this study. It then presents the research approach which mixes the use 
of quantitative and qualitative strategies of inquiry. The section also explains the 
purpose of the literature review and the exploratory work. The research design is 
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provided in three main study components, in a research methods and logical order (see 
5.1). Details of the research methods and procedures for data collection are provided in 
the subsequent sections (5.4,5.5 and 5.6). 
5.3.1 A Process of Research Design 
Crotty (1998) suggested considering four questions for designing research: what 
epistemology informs the research, what theoretical perspective lies behind the 
methodology in questions, what methodology governs our choice and use of methods, 
and what methods we propose to use. Creswell (2003) conceptualised Crotty's model 
and illustrated how three elements of inquiry, namely, knowledge claims, strategies and 
methods, combine to form different approaches to research (Figure 5.1). 
Figure 5.1 Research design process: knowledge claims, strategies and methods 
Elements of Inquiry 
Approaches to Research 
Design Processes of 
Alternative Knowledge Claims Research 
Qualitative 
Strategies of Inquiry' 
10 Quantitative 
Mixed Methods 
Questions 
Theoretical lens 
Translated Data collection into practice Data analysis 
Conceptualised by Write-up 
Methods the researcher Validation 
, Yource: Creswell (ZUUJ) 
This model illustrates the process of combining the three elements of inquiry, and 
provides guidance, at the macro level, for the development of research approach and 
design. The model was used to guide the research design of the study. However, in 
order to avoid a vague use of the term 'research design', the thesis has presented a 
process map in the introductory chapter (Figure 1.1) which provides the overall research 
process of the study. In this thesis, the term 'research design' is used to mean the overall 
framework from setting up a philosophical standpoint to selecting methods for data 
analysis and presentation. The process map should provide the reader with a clear 
descriptive account of the research steps, whilst it does not prescribe a model for 
research design on a general basis. 
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5.3.2 Practical Considerations 
Practical considerations are important. According to Bryman (2004: 23), "there will be 
many circumstances in which the nature of the topic or of the subjects of an 
investigation and the constraints on a researcher loom large in decisions about how 
best to proceed'. Research has been increasingly urged to make contributes to society in 
terms of practical value (see Travers, 2001). The literature review has presented the 
need for addressing the use of offsite in housebuilding. Offsite, or 'MMC', has been put 
on the agenda of the Government and its agencies. This is reflected by the many recent 
offsite-related Government/industry studies/initiatives (Table 3.1). Within this context, 
this research took account of several practical considerations for its approach and design 
(Table 5.1) in order to keep abreast of the latest developments and to ensure to make a 
reliable and valid contribution to knowledge. 
Table 5.1 Practical considerations for the research approach and design 
Challenge facing the research Practical strategy addressing the challenge 
There has been an increasing interest in The research is built on the ongoing literature. 
offsite/IýMC research since Egan/Barker. Some Also, the researcher shares knowledge and interim 
government-backed studies have been launched research outcomes with the industry by wide 
during the three-year period. networking and participating in the industry 
research/initiatives. 
The studies almost focus on the strategic industry The research focuses on the organisational level. 
level. 
Many studies research offsite/MMC as a whole. The research provides a database of build systems 
regarding their performance against a wide range 
of criteria. 
Many of the recommendations provided to date The research takes some recommendations further 
are superficial, without support from detailed and develops the decision support tool for build 
implementation strategy or guidance. system selection. The development of the tool 
takes a practical and problem-solving approach 
whilst both the data and the methods used in the 
tool are validated. 
17hough a combination of productý process and The research embodies human input, drawing on a 
people has been recently claimed for the use of lot from social sciences such as decision theory 
MMC, no substantial strategy is provided to and psychology. 
engage human and social issues. 
Also for practical reasons the case study research design (5.5) was kept open and 
reviewed a number of times at the early stages of study. It was important to integrate 
participant organisations' comments into the research design to produce a workable and 
meaningful framework for data collection. This appears to be inconsistent with the 
implication of most research texts (e. g. Bryman, 2004) that a research design provides a 
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framework for the collection and analysis of data and, thus, should be a decision to be 
taken early. A possible explanation to this inconsistency may be that the research design 
for studies of organisations with sensitive research topics such as decision-making, to 
some extent, is subject to the availability of access to information (Feldman et al., 2003) 
and the desirability of organisations to participate. Another reason was that a part of the 
case study was action research (see 5.5.3.4). However, to what extent the flexibility of 
the case study design was provided took account of the availability of resources for 
study and the match with the overall research design of the study. 
5.3.3 An Approach Mixing Qualitative & Quantitative 
A quantitative perspective derives from a positivist epistemology, which holds that 
there is an objective reality that can be expressed numerically (Glatthorn and Joyner, 
2005). As a consequence, this perspective emphasises studies that are experimental in 
nature, emphasise measurement, and search for relationships. On the other hand, a 
qualitative perspective emphasises a phenomenological view in which reality inheres in 
the perceptions of individuals. Studies deriving from this perspective focus on meaning 
and understanding, and take place in naturally occurring situations (McMillan, 1996). 
Though the quantitative approach still dominates (Berg, 1998; Creswell, 1994; Morse 
and Richards, 2002), the numbers and types of qualitative approaches also became more 
clearly visible during the 1990s (Creswell, 2003). The main qualitative strategies 
include narrative research (Clandinin and Connelly, 2000), phenomenological research 
(Moustakas, 1994), grounded theory (Dainty, 1998; Hunter et al., 2005; Strauss and 
Corbin, 1998), ethnographies (Wolcott, 1999) and case studies (Stake, 1995; Yin, 1994, 
2003). The analytically inductive nature of the study over such a three-Year period 
makes it unsuitable to rely on any sole strategy. The principle of grounded theory 
research is "to ensure that any theory derived is 'grounded"' (Hunter et al., 2005: 66), 
which does not suit the nature of the research problem (1.4) and the overall analytic 
design of the study in three main components (1.6). Apparently, all methods have 
limitations. Previous researchers felt that biases inherent in any single method could 
neutralise or cancel the biases of other methods (see Creswell, 2003). Triangulating data 
sources was proposed as a means for seeking convergence across qualitative and 
quantitative methods. This helps minimise the degree of specificity of certain methods 
(Frankfort-Nachmias and Nachmias, 1996; Gillham, 2000). Also, with the mixed- 
methods approach, the results from one method can help develop or inform the other 
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method (Greene et al., 1989),, or one method can be nested within another to provide 
insight into different levels or units of analysis (Tashakkori and Teddlie, 1998). 
'Iberefore, the mixed-methods approach was taken in the research, by which to capture 
the best of both quantitative and qualitative approaches (Creswell, 2003). 
In terms of how to combine these two approaches, Morgan (1997) suggested four 
general ways based on two factors: which approach is primary and which, secondary; 
and which approach is used first and which, second. They are: 1) quantitative primary, 
qualitative first; 2) quantitative primary, quantitative first; 3) qualitative primary, 
quantitative first; and 4) qualitative primary, qualitative first. Morgan's classification 
provides a conceptual framework for research design. However, the two factors for 
classification are rigid. It is not necessary for qualitative to be first and quantitative 
second, nor vice versa. As a matter of fact, they are often conducted concurrently. Also, 
it is debatable to define what 'primary' and 'secondary' mean exactly. They may serve 
different research purposes. Creswell (2003) proposed three strategies of mixing these 
two approaches: sequential, concurrent and transformative. Concerned with the 'reality' 
of knowledge of the study and the research objectives and issues, the research used the 
concurrent strategy for integrating quantitative and qualitative approaches in order to 
provide a comprehensive analysis of the research problem. The procedures of collecting 
data and integrating information for addressing the relevant research questions are 
detailed in Section 5.4,5.5 and 5.6. 
5.3.4 The Design of Main Study Components 
This section provides a methodological outline of the literature review and explains the 
design in three main study components. The design provides a logical sequence that 
connects the empirical data to the study's initial research questions and, ultimately, to 
its conclusion (Yin, 2003). 
Literature review and exploratory shidies 
The initial research questions and objectives of the 'study were formulated through the 
literature review and exploratory studies. The literature review was taken as an on-going 
process which started from the identification of the research topic and ended at the last 
stage of thesis writing-up. The main purposes of literature review have been claimed by 
Naoum. (1998) as: firstly, that it seeks systematic reading of previously published and 
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unpublished information relating to the area of investigation; secondly, that it helps 
improve the study by looking into previous research design or questionnaires which will 
give some insights into how the researcher can design his/her own study more 
effectively. Creswell (2003) also highlighted the purposes of literature review. These 
include that it shares with the reader the results of other studies that are closely related 
to the study being reported; that it relates a study to the larger ongoing dialogue in the 
literature about a topic, filling in gaps and extending prior studies; that it provides a 
framework for establishing the importance of the study as well as a benchmark for 
comparing the results of a study with other findings. The concepts of offsite and 
innovation within UK construction were focused in the literature review during the first 
six months of the study. This focus was consistent with the early part of the exploratory 
studies, as part of the CIRIA/Loughborough University research project RP652 which 
was based on construction in general. After a series of exploratory interviews with 
industry practitioners, the review was narrowed down to housebuilding with particular 
interest in large organisations. However, the review was kept open to cover any topics 
which emerged during the study. 
The exploratory studies principally included two parts. The first was the deskwork of 
preparing 150 case study cameos of using offsite technologies in construction in 
general. All of the cameos were obtained through document analysis of information 
from public domains including the internet, related companies' websites, professional 
journals/magazines. All of the cameos were validated and confirmed by the case 
companies through telephone and/or email communications. The second part was the 
personal semi-structured interviews with seven industry practitioners. The interviewees 
spread over a wide range of professions, including housebuilder, architect, engineer and 
consultant. All interviews were pre-arranged, using the procedures and strategies as 
presented in Section 5.4.5.3. 
Research design in three main study components 
The research included three main study components: the housebuilder survey, the case 
study and the BSS validation, each contributing to the achievement of related research 
objectives. Table 5.2 illustrates the relationships between the study components and the 
research objectives. Table 5.3 provides an overview of data collection events. 
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Table 5.2 Relationships between study components and research objectives 
Research objectives* 
Literature review & HOUsebuilder Case study of a BSS 
exploratory work Sul-Vey large housebuilder validations 
Objective I 
Objective 2 
Objective 3 
Objective 4 
Objective 5 
Objective 6 
Notes: * See Section 1.3.2; ý supportive; qq essential 
The design of these main study components is detailed in the following sections (5.4, 
5.5 and 5.6). This should be used as the overall structure and the orientation of an 
investigation. This structure provides a framework within which data are collected and 
analysed (Bryinan, 1989). The reader needs to distinguish the research design from Cý Zý 
research methods which are particular techniques and procedures used for data 
collection. A wide range of research methods were considered for the whole study at the 
early research stage. Appropriate ones were selected during or after the exploratory 
studies. The selection of research methods involved the use of the following criteria: 
Suitability to the nature of the research problem. The identification of the 
research problem and the selection of research methods may be seen as an 
interactive process (Glatthorn and Joyner, 2005). 
Availability of time and resources for the study. Time management is crucial to 
success as PhD researchers have a limited period of time to design, conduct and 
complete their research (Phillips and Pugh, 2000). 
Accessibility to inforinants and the needed information (Feldman et al., 2003). 
in the end a range of research methods were used for the study, which integrated their 
methodological virtues and addressed the related research questions/objectives (Figure 
5.2). Some of these methods were used in more than one study component. In this 
multi-usage circumstance, the methods are explained in their general terms where they 
are firstly included in this thesis. I lowever, the justifications for their usage and the 
procedures of implementation are provided in every study component for which they 
Were used. The research design (Figure 5.2) covers the elements of research context, 17, C, 
research participants, research type, research methods and procedures for data collection. 
They are detailed in the following sections (5.4,5.5 and 5.6). 
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Table 5.3 Overview of data collection events 
Study Explora, House Supple- Case study BSS Development & Sum 
components tory work builder mentary Validation 
survey st dv 
No of events E E . 9 2! 8"6 Cý 9 CL LO 
a) Mo 
ca 03 - A A 
Data collection 0) U) r_ :3 2) g :3 CX. 
:R 
U) 
t 
U) 5 a) 2 9 
CL 
:3 
events W 'D Cn 2 -5 C/) 
2 
LL 
2 
Q. IL 
2 
:21 
2 
a 
Document 
analysis / Desk 150 150 
study 
Questionnaire 
survey 36 6 2 6 so 
(responses) 
Interview 1 1 (structured) 
Interview (semi- 7 11 1 3 6 1 5 34 
structured) Co 
x :5 
C 
Interview (un- R 
structured) < 
Z 
Informal 7 
a; 
6 20 7 10 5 1 5 61 discussion 9 
CD 
Observation 6 2 3 1 5 17 
Workshop 2 1 1 4 
Site visit 3 1 4 
Meeting (formal, 
structured 18 2 3 2 25 
discussion) 
Group coursework 26 26 (no. of groups) 
Sum 150 14 47 13 52 23 19 8 4 2 5 36 373 
Notes: 
This table shows the number of events not participants, as some events Involved more than one participant and some 
participants were Involved In more than one event for different study purposes. 
4 Events conducted but not quantifiable. 
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5.4 Main Study Component I- Housebuilder Survey 
5.4.1 Research Context 
The first main study component, the housebuilder survey, was carried out of the top 100 
housebuilders in the UK by unit completions. For the purpose of confidentiality, the 
housebuilders are referred to in the thesis with alphanumeric codes, e. g. Al and B2, 
unless particular permission was obtained for disclosing their names and relevant 
information. The main data collection of the survey was completed during the period 
from July 2004 to January 2005. A small follow-up was carried out in late 2005 to 
verify the answers to some questions asked in the main survey. 
5.4.2 Survey Aim and Objectives 
As shown in Table 5.2, the survey contributes to the achievement of the research 
objective 2,3 and 4. In short, the survey aimed to explore strategies for optimising the 
use of offsite by investigating housebuilders' perspectives and practices of using such 
technologies. The survey aim was transformed into several objectives (Table 5.4). 
Table 5.4 Design of the objectives of the housebuilder survey 
The perspectives of the top 100 The current offsite-MMC 
Survey objective housebuilders on the offsite- practices in the top 100 
MMC applications in the industry housebuilders 
To identify housebuilders' attitudes Yes Yes 
towards offsite-MMC applications 
To establish the nature and extent of Not applicable Yes offsite-MMC applications 
To reveal the potential trends in offsite- Yes Yes 
mmC 
To explore drivers for and barriers Yes Yes 
against the use of offsite-MMC 
Yes. Overall as well as 
To identify strategies for appropriate explored 
from aspects of 
use of offsite-MMC 
Yes. Overall strategies approaches for houses and 
flats, procurement and 
integration of offsite-MMC 
5.4.3 Research Types 
How research is classified seems to differ and there is much overlapping in many of the 
research types (Glatthom and Joyner, 2005). The nature of this survey, which combined 
the use of semi-structured interviews and a postal questionnaire survey, determined the 
design of its research types. The survey involved the use of the quantitative research 
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type, in the form of a descriptive design, and the qualitative research type, in the form of 
an interview-based study. Descriptive research normally aims to describe a phenomenon 
and they can be especially valuable as one of the early stages in a research prQject 
(Glatthorn and Joyner, 2005). Descriptive Studies report frequencies, averages and 
percentages, e. g. identifying attitudes, but do not draw any conclusion about 
relationships. Interview-based studies emphasise on interviews in a small number of 
organisations, the examination of documents, and observations which may occur in 
periods between interviews (Bryman, 1989). 
5.4.4 Research Participants 
The selection of the research participants, the top 100 housebUilders In the UK by unit 
completions, has been explained in early sections (e. g. 3.7). The population is the 
approximately 18,000 housebuilders Currently registered by NHBC. A list of the sample C, 
companies, together with the data of their unit completions, was obtained from the 
Private Housebuilding Annual (Wellings, 2003). Though different criteria for ranking 
housebuilders co-exist (see 3.7), the rank by annual housing unit completions was used 
for its simplicity (see Gillen, 1994b) and reducing effects of different company policies 
and business contexts. According to UK Government's statistics, the number ofhousing 
unit completions in 2001/02 (UK) was 175,000, out of which private housebuilders 
contributed 153,500 (or 87% of the total). Based on statistics provided by the Private 
HOLIsebuilding Annual 2003 (Wellings, 2003), the top 100 housebuilders contributed Z, 
113,882 (65%) to the total amount by the industry (Table 5.5). 
Table 5.5 Housing unit completions in 2001/02 (UK) 
All Private entei pi iws Registered Social Local 
dwellings All The top 100 Landlords authorities 
Unit completion 175,600 153,500 113,882 21,900 200 
Percentage of all 100% 87% 65% 13% - 
Source: office of the Deputy Prime Minister; National Assembly I-or Wales; Scottish Executive; 
Department of the Environment, Northern Ireland. 1: Statistics of' the top 100 are from the Private 
Housebuilders Annual 2003. 
The questionnaire survey was conducted of the senior managers in the companies as 
provided in the Private HOUSCbUilders Annual 2003 (Wellings, 2003). Tlic contact 
details were also obtained from the same source, verified by a counter check over the 
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internet. This helped update the contacts which changed due to the reasons such as 
office move and people turnover, and, thus, enhanced the response rate. 
5.4.5 Research Methods & Procedures Used for Data Collection 
The housebuilder survey was carried out through a combination of a self-completion 
postal questionnaire survey, face-to-face and telephone interviews, and document 
analysis. This section details the use of the research methods and procedures for data 
collection. It aims to enable not only other researchers to replicate the study but also 
potential consumers to determine if the findings can be trusted (Glatthorn and Joyner, 
2005). 
5.4.5.1 Document Analysis 
Document analysis may be an integral element of data collection for both quantitative 
and qualitative research (Bryman, 1989,2004). This thesis is primarily concerned with 
the qualitative part for its nature of inquiry. Document analysis can provide information 
on issues that cannot be readily addressed through other methods, check the validity of 
information deriving from other methods, and contribute a different level of analysis 
from other methods (Bryman, 1989). Documentary sources that can be employed may 
be varied. Sutton (1987: 569), based on the context of a hospital, provided an example 
of this: "Budgets, internal correlpondence, financial viability study by consulting firm, 
marketing research on the attitudes of physicians, patients and community members, 
newspaper articles, press releases, company newsletters, closing plans, closing 
announcements, and union-management contracts". Scott (1990) classified the different 
sources of documents, used in social sciences, into personal and official documents, the 
latter further grouped as private and state documents. Scott also suggested four criteria 
for assessing the quality of the various documentary sources: 
" Authenticity. Is the evidence genuine and of unquestionable origin? 
" Credibility. Is the evidence free from error and distortion? 
" Representativity. Is the evidence typical of its kind, and, if not, is the extent of 
its untypicality known? 
" Meaningfulness. Is the evidence clear and comprehensible? 
The process of document analysis in this study also showed that it was more than that 
have been normally claimed as an important source of data (Bryman, 2004). The 
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documents for analysis should also not be "independent of the research process" as 
claimed in Morse and Richards (2002). Instead, it was an analytic inductive process, 
helping refine the research questions and objectives to better reflect the 'reality' of the 
case under investigation. With these considerations, the survey took related documents 
from the participant companies to add information and to enhance the validity of data. 
These documents included company brochures, annual reports, website information, 
magazine/newspaper articles at the official level, and communications between the 
researcher and the participants on the personal level. 
5.4.5.2 Questionnaire Survey 
A self-completion postal questionnaire survey was designed as the first main part of the 
housebuilder survey, following some basic document analysis of the sample firms. 
Sampling strategy. Stratified random sampling 
There are around 18,000 housebuilders and 2,000 Registered Social Landlords (RSLs) 
in the UK market. It is extremely unlikely and almost unnecessary to survey all of the 
organisations. Stratified random sampling (see Bryman, 2004) was used for the 
housebuilder survey, with the stratifying criterion that the sample is ranked within the 
top 100 firms by housing unit completion. The selection of this type of probability 
sampling strategy took the following considerations: 
The top 100 housebuilders contribute around 65% to the housing unit 
completions by the industry overall (see 3.3.1,3.3.2 and 3.7). 
* This strategy generated a reasonable, manageable sample size, of the top 100 
firrns. This addressed well the balance between a great precision of data and 
time and cost resources for the survey. 
Ibis strategy helped control any sampling error to a minimum but allowed 
maximum reflection of the survey focus which is on the use of offsite 
technologies. 
* This strategy suited the nature of analysis for the survey which was designed as 
descriptive (see 5.4.3). Debatably, a larger sample would be necessitated if 
correlation data analysis was designed. 
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Questionnaire development and design 
An initial survey instrument was developed through a comprehensive literature review 
of the studies which had investigated the use of offsite in the past (e. g. Edge et al., 
2002; Goodier and Gibb, 2004; Lusby-Taylor et al., 2004; Venables et al., 2004). 'Me 
instrument comprised a mix of qualitative and quantitative questions with a methodical 
use of rating scales, Likert scales and open-ended questions (see Moser and Kalton, 
1971; Oppenheim, 1992). Section I aimed to provide overall views of housebuilders on 
offsite-MMC applications. Section 2 sought to identify the drivers and barriers and their 
importance or significance. Section 3 diagnosed the top 100 housebuilders' 
recommendations for the industry to increase the take-up of offsite-MMC. The design 
of the questionnaire drew widely on the suggestions/instructions provided in the 
literature (e. g. Bryman, 2004; Oppenheim, 1992). Particularly, clear instructions and an 
attractive layout of the instrument were provided in order to improve the response rate. 
The instrument was refined through discussions with leading researchers and industrial 
contacts. The validity and the reliability of the survey form were verified through a pilot 
survey of several research colleagues in the area of construction management. A 
package of the questionnaire survey instruments is provided in Appendix A. 
Survey process and strategies 
The questionnaire survey was carried out in a prescheduled process, aiming to achieve a 
reasonable rate of usable responses. A personalised invitation letter was firstly sent by 
post to the respondents in middle 2004, which also briefed on the survey context and 
purpose. The personal details of the respondents, including name, title and address, 
were obtained from the Private Housebuiding Annual (Wellings, 2003). Some 
responded with interest in participating in the survey, and the remaining were reminded 
of the initial invitation by telephone or email a few weeks later. The questionnaire, 
accompanied by a covering letter and a pre-paid, self-addressed envelope, was posted to 
the respondents. Electronic copies of the questionnaire were also provided where 
requested. A reminder, either by post'or email depending on data availability, was sent 
to non-respondents about four weeks after the initial post, reasserting the survey 
purpose and invitation. Another four weeks later, all further non-respondents were sent 
the second reminder along with another copy of the questionnaire. This reminder 
highlighted the importance of the survey and potential benefits for the respondents from 
participating in it. The main survey was completed early in 2005. 
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Texts abound as to the merits and limitations of questionnaire survey and interview 
methods. In this study, the questionnaire survey enabled a comparatively cheap and 
quick administration of the survey process, eliminated the researcher's bias and 
variability during data collection, and offered convenience to respondents. However, the 
use of questionnaires offered no direct communication. between the researcher and 
respondents. This prevented the researcher from clarifying any enquiries, probing the 
insight, investigating the context, and building up a rapport with the respondents. This 
also caused reluctance of respondents to provide detailed, deep answers, and great risk 
of missing answers to the questions which are unclear, difficult or uncomfortable to 
them. Therefore, semi-structured interviews, either face-to-face or over the telephone, 
were followed up to the questionnaire, which are explained as follows. 
5.4.5.3 Interviews 
Almost all forms of qualitative inquiry may at some stage use some type of interview 
strategy (Morse and Richards, 2002). In pursuance of the research questions, interviews 
were carried out, either face-to-face or over the phone, with a sample of the 
housebuilders, The method, together with the way it was used, is explained as follows. 
Semi-structured interviews 
In the study component of the housebuilder survey, semi-structured interviews were 
designed to obtain detailed, complex answers from the interviewees, to clarify unclear 
answers in the early questionnaire survey responses, and to reason/explore the 
answers/issues in-depth. A list of a few open-ended questions, arranged in a reasonably 
logical order (Morse and Richards, 2002), was emailed to the interviewees a week or so 
in advance. This offered them comfort of the pre-planned questions and reasonable time 
to think of the issues. All of the semi-structured interviews were carried out with 
selected questionnaire respondents who were senior managers with responsibility for 
company policy level decisions on whether to use offsite-MMC within their 
developments. Many of them had been involved in one or more offsite-related 
Government-backed industry initiatives. The questionnaire completed by the 
interviewee was also presented to help them recall the issue, and, thus, to improve 
interview efficiency. The interviews lasted between one and two hours, and 
significantly added rich data to the questionnaire survey of the firms. 
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Strategiesfor conducting interviews 
All of the interviews were carried out in a quiet, comfortable and interruption-free 
setting, either meeting rooms in the University or the interviewees' offices. All of the 
interviews were audio recorded and transcribed verbatim for analysis. The use of audio 
recorder not only increases the accuracy of data collection but also permits the 
interviewer to be more attentive to the interviewees (Patton, 2002). During the 
interviews being recorded, the interviewer also took strategic and focused notes, but not 
verbatim. The supplementary notes help the interviewer formulate new, appropriate 
questions, stimulate early insights for subsequent interviews before transcribing, 
facilitate later analysis, and provide a backup for the recording (Patton, 2002). The 
question list for the interview was emailed to the potential interviewees a few weeks in 
advance to offer enough time to the participant to think of the issue and make the 
interview more effective. During the interviews, all of the interviewees were briefed on 
the audio recording and its purpose for the study in advance. Most interviewees were 
comfortable with being recorded. However, in special circumstances, due to commercial 
sensitivity and interviewees' request not being recorded, note-taking was carried out 
instead. In this case, when the interviewees said something which seemed particularly 
important or insightful, they were requested to confirm the notes in order to assure a 
capture of actual quotations. 
The period after an interview has been claimed as critical to the rigor and validity of 
qualitative inquiry (e. g. Patton, 2002). The researcher kept a post-interview log which 
recorded information on three aspects, namely, checking if the recording is functioning 
properly, the researcher's reflections and elaborations about the interviews, and his 
learning from the interview process. This, coupled with the main data (i. e. interview 
transcripts and notes), ensures the quality of data for analysis. 
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5.5 Main Study Component 2- Case Study Research 
5.5.1 Research Context 
The second main study component, the case study, was carried out on one of the large 
housebuilders who participated in the survey (5.4). The basic infon-nation of the case 
company, Countryside Properties, is provided in Section 7.2. The case study was 
initialised in August 2004 through a meeting with two senior representatives of the 
company. The main data collection started in October 2004 and ended in March 2006. 
5.5.2 Case Study Aim & Objectives 
It has been claimed that case studies can be used to confirm the findings from other 
studies, to explore insights into previously less investigated area, to test and to generate Z71 
theories (Bryman, 1989). In the context of this study, the case study aimed to develop 
strategies for optimising the use of offsite technologies in two approaches. In the first, 
the case study contextualises the results of the housebuilder survey (Chapter 6) into the 
organisational context and specific projects. This explores the survey findings to 
Objective 2 (housebuilders' perspectives), Objective 3 (housebuilders' practices) and 
Objective 4 (housebuilders' current strategies). In the second approach, the case study C71 
develops a robust, structured and transparent strategy for housebuilders to improve 
decision-making in build system selection (Objective 5). To achieve the aim, the case 
study was actually designed of its investigation on three levels of the case company, 
namely, the group, the subsidiary and the project. Studies on each level referred to 
different objectives (Table 5.6). 
Table 5.6 Case study design on group, subsidiary and project levels 
Case study objectives Group level 
Subsidiary 
level 
Project 
level 
0 To identify the drivers for and barriers against 
' 
(via the 
the use ofoll site I)OUSOMild(I SHI'Vey) 
" To explore how the barriers have been/can be 
overcome 
" 'l'o niap out the staocs and participants in 
decision-making 
To assess the site integration of offisite 
To develop a high-level checklist of'stiategies 
10i optimising the use of off'site in housinp 
To develop a decision support tool for build 
system selection 
Thc northwest subsidiarý of Coulltlysidcý 
Two projects: Sportcity Phase 4 and Didsbury Phase 5 
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5.5.3 Research Týpes 
This case study research (5.5.3.1) was qualitative in nature (5.5.3.2), and shared some 
characters of organisational studies (5.5.3.3) and action research (5.5.3.4). The case 
study also included some quantitative data, from which the methods and techniques 
related to descriptive research were used (see 5.4.3).. 
5.5.3.1 Case study research: The concept 
Case study is a comprehensive research strategy, not a data collection tactic or design 
feature alone (Yin, 2003). A case study should not be regarded as a pure observational 
study which captures on what participants practice. It is also not a survey which 
normally explores what informants perceive. A case study should include both. Yin 
(2003) defined a case study as, 
"A case study is an empirical inquiry that investigates a contemporary phenomenon within 
its real-life context, especially when the boundaries between phenomenon and context are 
not clearly evident. ... The case study inquiry copes with the technically distinctive 
situation in which there will be many more variables of interest than data points, and as one 
result relies on multi sources of evidence, with data needing to converge in a triangulating 
fashion, and as another result benefits from the prior development of theoretical 
propositions to guide data collection and analysis" (ppl3-14). 
Most qualitative research is in fact a form of case study. However, not all case studies 
can adequately be described as instances of qualitative research since they sometimes 
make substantial use of quantitative research methods (Bryman, 1989). In spite of the 
use of quantitative measures, case studies more often take a qualitative perspective, 
concerned with exploring, describing and explaining a phenomenon (Glatthorn and 
Joyner, 2005). 
On these theoretical bases, every study of -each of the housebuilders, through either a 
one-off interview or a one-and-half-year investigation, could be regarded as a 'case 
study'. What would distinguish the 'case studies' are the extent of investigation and the 
intensity of research methods used. However, this broad defining of a 'case study' 
would be likely to impose confusion and misunderstanding on the reader. Also, it would 
sacrifice the clear structure of the thesis which is presented in its three main study 
components. Iberefore, the term of case study is used in the thesis to govern the whole 
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study of Countryside only. The studies of other housebuilders, no matter what methods 
were used, are included in the other two main study components, depending on their 
purposes. 
5.5.3.2 A sample or 'a replication logic' . 
Most case studies base on one, two or a small number of cases and seem to capture less 
well the scientific approach with its search for universal laws (Bryman, 1989). 
Burgelman (1985: 42) also highlighted, "Field studies in one setting raise questions 
about the external validity of thefindings". However, there is a growing recognition that 
some of the accusations about the limited generalisability of case studies may be based 
on an erroneous application of statistical notions which treats the case as a sample of 
one (Bryman, 1989). Case studies should be evaluated in terms of the adequacy of the 
theoretical inferences that are generated. The aim is not to generalise the findings from a 
sample to a population but to create patterns and connections of theoretical importance 
(Bryman, 1989; Mitchell, 2000; Yin, 2003). Therefore, every case of a multi-case 
studies should serve a specific purpose within the overall scope of inquiry (e. g. Table 
5.5 in this study), so it should be a 'replication logic' underlying the case study, not a 
4sarnpling logic' generally used for quantitative studies (Yin, 2003). 
5.5.3.3 The nature as an Organisational Study 
A case study can be regarded as an organisational study in nature (see Bryman, 1989). 
The case study method is an extremely useful technique for researching relationships, 
behaviours, attitudes, motivations, and stressors in organisational settings (Berg, 1998). 
it can be argued that the surveys of, and the interviews with, each of the top 100 
housebuilding organisations could be regarded as organisational studies as well in its 
broadest terms. They would share with each other some of the characteristics of 
organisational research, which, in part, determine their research methods and procedures 
for data collection. However, this would likely cause the loss of "the emphasis on the 
unique contexf' of the case study (Bryman, 1989), and confuse sample generalisation 
with "analytic replication" (Yin, 2003). This would also devalue the clarity of 
structuring the thesis. Therefore, only the case study of Countryside is referred to as an 
organisatiorial study in the thesis for its in-depth investigation and the wide coverage of 
different participants from and related to the company. 
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Several particular strategies and considerations were taken for carrying out this 
organisational study. Firstly, the case study entailed substantial negotiation to obtain 
access to the company, and its staff and external participants. Access is a critical part of 
doing research, not only because the researcher must "get in7' in order to gain 
information but also because the process of "getting in" affects what information is 
available to them (Brown et al., 1976 c. f. Feldman et al., 2003). However, organisations 
are generally resistant to being studied due to reasons such as suspicion about the aims 
of the researcher and concerns about the time to be consumed for participation in the 
research (Bryman, 1989). In order to achieve access many researchers offer to produce 
reports of their findings which may be of assistance to the firm in order to infuse an 
element of reciprocity (Buchanan et al., 1988). However, many companies will still 
refuse access, and the reasons vary to a great extent (Bryman, 1989). In this case study, 
the researcher treated "gaining access" as a "relational process" (Feldman et al., 2003). 
A relationship with the Group Technical Manager and the Group Change Agent was 
established through the early questionnaire survey and interview as part of the 
housebuilder survey. A separate meeting was arranged to explore research collaboration 
potential between the company and the researcher regarding the use of offsite. Since 
both sides saw mutual interest in and potential benefits from further research on offsite, 
a good rapport between both sides was built up and the case study was confirmed. 
Secondly, the level of investigation was envisaged and proposed by the researcher, 
within the overall framework of the three-year study, and then discussed with and 
agreed by the company. Reasonable adjustments of the original research design were 
allowed, with mutual consensus, to meet requirements from both sides. Thirdly, as 
Bryman (1989) argued, the researcher must be sensitive to the ethical and political 
dimension of the study. The researcher may face the possibility of suspicion from many 
employees regarding the 'true' aims of the research. Therefore, trust-building is 
particularly important for long-term relationships (Feldman et al., 2003), such as this 
one-and-half-year organisational study, in which the researcher engaged with 
informants repeatedly. Finally, organisation research is pervasively concerned with the 
promulgation of practical knowledge (Bryman, 1989). This, in part, determined that the 
research outcomes of the study is a practical decision support tool for build system 
selection, for which the company aspired. 
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5.5.3.4 Apart of the case study as Action Research 
A part of the case study was action research, for which this section provides a 
methodological framework. There have been various attempts of defining action 
research (see Cooke and Cox, 2005; Herr and Anderson, 2005) and much of the relevant 
literature emphasises the practical nature of this type of research (Koshy, 2005). Blum 
(2005) suggested a simple definition of action research that it means "diagnosis of a 
social problem with a view of helping improve the situation" (p309). Reason and 
Bradbury (2001) provided a working definition of action research as "a participatory, 
democratic process concerned with developing practical knowing in the pursuit of 
worthwhile human purposes, grounded in a participatory worldview ... It seeks to bring 
together action and rej7ection, theory and practice, in participation with others, in the 
pursuit of practical solutions to issues of pressing concern to people, and more 
generally the flourishing of individual persons and their communities" (pl). 
Amalgamating these ideas suggests that the concept of action research is centred on the 
elements of action, practice, participation, solution and improvement. Koshy (2005) 
clarified that, though the unique features of action research include better 
understanding, improvement, reform, problem-solving, step-by-step process and 
modification, its main purpose is to improve practice. 
Most action research is based on case study investigations (Bryman, 1989), but not all 
case studies are action research. In the case study of this research, the researcher was 
involved in developing a strategy for the company to optimise the use of offsite. Central 
to this strategy was a decision support tool to improve decision-making in build system 
selection. However, the case study also aimed to achieve some other objectives (see 
5.5.2). This circumstance, coupled with the theoretical framework reviewed above, 
therefore suggests that a part of the case study was action research. The action research 
involved the use of multi methods for data collection including interview, questionnaire 
survey, observation, workshop and informal discussion. These methods and related 
strategies are explained in Section 5.5.5, out of which two were particular important: 
developing relationships of trust with the case company and truly valuing the process at 
least as highly as the outcome (see Dickson and Green, 2005). The process was 
monitored and controlled mainly by the researcher. Considerable input was made by the 
case company through regular meetings with the researcher on a monthly basis. A host 
of people of the company participated in the research process (see Appendix C). 
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A significant question that action research needs to address is how results are 
generalised or transferred to other settings (often referred to as external validity) (Herr 
and Anderson, 2005). This has been in part addressed in the discussion provided in 
Section 5.5.3.2 that case studies should aim to generalise findings by creating patterns 
and connections of theoretical importance, i. e. a "replication logie', not a "sampling 
logic". Within the field of action research, there also exist a number of approaches for 
addressing the question on generalisation. Lincoln and Guba (1985) suggested the 
notion of transferability and claimed that findings are not generalised but rather 
transferred from a sending context to a receiving context. Greenwood and Levin (1998) 
discussed this notion but used another similar term transcontextual credibility. Stake 
(1986) developed the approaches of formalistic and naturalistic generalisation. In his 
study, Stake suggested that theory and codified data are the main constituents of the 
formal, verbalised generalisations, whilst experience, real and vicarious, is the main 
constituent of the naturalistic generalisations. The direct, vicarious experience has a 
significant role in action or changes in practice. Herr and Anderson (2005) regarded 
Stake's approach of naturalistic generalisation having powerful implications for action 
researchers. The concerns over the generalisation of findings of action research may 
also be addressed through clarifying the philosophical basis of action research. Blum 
(2005) stated that we must consider action research as a peculiar manifestation in a 
broad stream of events which challenges the validity of traditional scientific 
methodology and its philosophical and human implications. Blum argued that "Action 
research is the revolt against the separation of ': facts" and "values", which gives its 
particularflavour to the notion of "objectivity" in social sciences. It is a protest against 
the separation of "thought" and "action" ... It is a desperate attempt to transcend the 
sterile specialisation of the social sciences with its implicit repudiation of a human 
responsibilityfor social events" (p316). These studies, collectively, provide a theoretical 
framework for findings generalisation in the action research design. This also underlies 
the design of the validations of the BSS tool (5.6). 
5.5.4 Case Study Design and Participants 
5.5.4.1 Case study design: Group, subsidiary andproject levels 
Based on the case study aim and objectives and the research types, the case study was 
designed to investigate the use of offsite from the group, subsidiary and project level of 
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the case company. This compensated the limitations of any single study on each level. 
The case study design is illustrated diagrammatically in Figure 5.3, showing the levels C, 
and the logical flow of the cases studied. 
Figure 5.3 Three levels of case study: group, subsidiary and project Zý 
T, jr)tp- Roxe., in ; hade are. cases studied 
5.5.4.2 Case selection 
Yin (2003) suggested five components of a research design which are especially in ZI 
important for case studies. These components are: 
I. a study's questions, 
2. its propositions, if any, 
3. its unit(s) of analysis, 
4. the logic linking the data to the propositions, and 
5. the criteria for interpreting the findings. 
The first two have been addressed in the introductory and literature chapters and shown 
in Table 5.2 and 5.5. The last two are explained later in this chapter (5.8.7). The third 
component is related to the fundamental problem of defining what the "case" is (Yin, 
2003). A case may be an individual and can also be some event or entity. Yin (2003) 
suggested that the tentative definition of the unit of analysis, and therefore of the case, is 
related to the way in which the initial research questions have been defined. Each unit 
of analysis WOUld call for a slightly different research design and data collection ZI 
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strategy. "Selection of the appropriate unit of analysis will occur when you accurately 
specify your primary research questions. ... Your choice of the unit of analysis, as with 
otherfacets of your research design, can be revisited as a result of discoveries arising 
during your data collection" (Yin, 2003: 24). Yin (2003) also highlighted that it is 
important to specify the geographic and time boundaries of the case, which need to be 
considered to defme the unit of analysis, and thereby to determine the limits of the data 
collection and analysis. 
Two general schools of thought on case sampling prevail, namely, randomised and 
theoretical (Blismas, 2001). However, random selection is neither necessary nor 
preferable in case studies (Eisenhardt, 1989) since a small number of cases may in 
effect cause bias (Miles and Huberman, 1994). Also, the randomised. selection process 
dampens the potential richness and variety of findings (Blismas, 2001). By the 
theoretical method, cases are chosen either to literally or theoretically replicate other 
cases (Yin, 2003), or to extend emergent theory, or to fill theoretical categories and 
provide examples of polar types (Eisenhardt, 1989). This may also enhance external 
validity and increases the opportunity to learn (Stake, 1998). 
The case selection in this study took into account these theoretical bases, as well as 
practical considerations, since in many instances a case will be chosen simply because it 
allows access (Silverman, 2005). At the group level the company Countryside was 
chosen for the case study with the considerations as follows: 
Countryside is one of the leading housebuilders in the market. The comapny is 
committed to developing sustainable communities, and is open to the use of 
innovative and modem methods of construction. 
Countryside has recently gone through the Cherry's buyout of the company (see 
7.3.2), and currently aspires to improve business efficiency by standardising 
design processes. This involves the investigation of the use of offsite. 
Countryside has used a host of offsite technologies during the past decade, some 
successful in terms of financial outcomes and efficiency, but some having 
endured a 'painful' learning curve. The company aspires to learn. 
9 The researcher has built a good relationship with the company through the 
housebuilder survey, which helped secure the access to the company for further 
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study. In addition, the company committed to provide financial assistance to the 
researcher's travel expenses occurred from carrying out the case study. 
Countryside operates with its five subsidiaries across in England (see Figure 5.3). The 
Northwest one was selected for the study with the considerations as follows: 
The northwest subsidiary has been financially successful during the recent years. 
The company has considered that the success is attributable to the use of offsite, 
techniques and systems, e. g. precast concrete paneIs. 
9 Within the subsidiary there are a few projects under design or construction 
which involve a substantial usage of offsite systems and techniques. 
9 Through the intensive use of offsite the subsidiary has collected plenty of data 
and gained rich experience. The group is planning to benchmark the good 
practices of the subsidiary over the whole group. 
* The subsidiary is keen to produce strategies for optimising the use of offsite and 
to fully realise the potential benefits from such technologies. 
The case study objectives (Table 5.5) were, in part, achieved through the study at the 
project level. Two projects were selected from the Northwest subsidiary, namely, 
Sportcity Phase 4 (hereinafter referred to as SC4) and Didsbury Point Phase 5 
(hereinafter referred to as DB5) for the considerations as follows: 
General considerationsfor including project cases 
* The construction industry is highly project based (e. g. Dainty et al., 2006). 
Different housebuilding business models exist, e. g. housebuilders as developers 
for private developments, housebuilders led by housing associations in social 
schemes. This has a significant influence on the decision-making process. 
e Project specifics are important considerations for using offsite and, thus, provide 
a context for the development of strategies. 
e Problems associated with utilising offsite technologies will be most likely to be 
revealed through project implementations. 
* Learning on addressing the problems seems to be most persuasive through the 
demonstration of good practices of using offsite in specific projects. 
110 
Chapter 5- Research Design & Methodology 
Particular considerationsfor selecting these two projects 
These two projects are typical, reflecting the current main business of the 
subsidiary, i. e. flat/apartment construction. 
The projects involve a considerable use of offsite-produced elements, i. e. PCC 
wall and floor panels. 
The projects are managed by the subsidiary's in-house teams, which was 
claimed by the company as suitable for procuring offsite projects. 
5.5.4.3 Number of cases 
The number of cases required for a study is a function of the study's actual aim (Hamel 
et al., 1993). Yin (2003) suggested that simple or unique theories can be upheld or 
refuted with few cases, while complex and subtly differing theories require larger 
numbers. Theoretical saturation (Glaser and Strauss, 1967) is another suggestion for 
determining the number of cases to be studied. Although there is no ideal number of 
cases, previous claims provide references. Eisenhardt (1989) suggested that a number 
between four and ten usually suffices. Miles and Huberman (1994) discouraged 
numbers over about 15 which result in large unwieldy volumes of data and consequent 
loss of detail, distinctiveness and rich context. Numbers higher than these claims most 
likely suggest that a survey research would be preferable. 
The number of cases in this study is in effect a relative concept. In its broadest terms, - 
there is only one case studied in this research, which is the housebuilder, not clients, nor 
suppliers. The housebuilder survey studied housebuilders with a sample of the top 100 
firms by housing unit completions, which is quantitative in nature. The following semi- 
structured interviews carried out with the survey participants added a qualitative 
element to the survey. From this, the number of cases could be regarded as the number 
of firms being surveyed and interviewed, i. e. eleven. From these firms one was selected 
for a longitudinal, in-depth case study, which added the element of organisational 
studies and action research to the study. From this, the number of cases drops to one. 
Again, if taking account of the firms who participated in the validation process, the 
number of cases climbs to six. Even for the case study of Countryside, it involves 
studies at the group, subsidiary and project levels, which means that this was a macro 
group case, governing and containing cases of subsidiary and projects. Therefore, the 
point here is not to specify an ideal number of cases but to ensure the achievement of 
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the case study objectives and the generalisation of findings. As explained early in 
Section 5.5.3, only the case study of Countryside is referred to a 'case', containing cases 
at the subsidiary and project levels. The studies of other housebuilders are referred to 
and presented in other research components. 
5.5.4.4 Research participants in the case study 
The research participants in the case study are listed in Table 5.7. For purpose of 
confidentiality, all research participants will be referred to with their acronyms. The 
table also provides the data collection methods applicable to the participants. Detailed 
explanations of the methods and procedures are provided in the following section. 
5.5.5 Research Methods & Procedures Used for Data Collection 
Case studies involve systematically gathering enough information about a particular 
person, social setting, event, or group to permit the researcher to effectively understand 
how it operates or functions (Berg, 1998). This approach may employ a number of data 
collection techniques such as life histories, documents, oral histories, in-depth 
interviews, and participant observation (Yin, 2003). Bryman (1989) also claimed that 
case studies can and do exhibit the whole gamut of methods of data collection. This was 
very much reflected in this one-and-half-year case study. This section presents and 
justifies the use of a number of research methods, that are qualitative primarily, but 
quantitative supportively. 
5.5.5.1 Questionnaire Survey 
Tbough questionnaire survey is usually used for quantitative study (see 5.4.5.2), the 
method was used here to collect primary information from the case study participants 
before qualitative investigations were carried out. 'Merefore, the normal sampling 
techniques do not apply in this case. The design of the questionnaire drew on the one 
used for the housebuilder survey, being supplemented with questions on decision- 
making. The procedures explained in Section 5.4.5 were followed for implementing the 
survey. 
112 
Chapter 5- Research Design Methdology 
Table 5.7 Overview of research participants and data collection methods 
Low 4 
Researcher's interaction 
10 High 
with participants 
-V ZI tz I 
(Y 
Case study 
> of Countryside Properties 13 A- 0 
04 n 
Group Technical 
Design 
Construction 
0 Process 
H&S 
Research 
Ew Strategic Management 
0 Risk Management 
General Secretary 
Change Agent 
Sustainability 
: V: Cost Consultants 
VI Structural Consultants 
Subsidiary Technical 
(NW) Design 
Construction 
0 *=I H&S 
Sales 
Buyers 
0 Quantity Surveyor 
Development 
Estimate 
Project Technical 
(SC4/DB5) Design 
-2 Construction 
2 H&S 
.0 Sales 
-6, Buyers 
4"' Quantity Surveyor 
Development 
Estimate 
Build Manager 
Site Manager 
10 U Assisstant Site Manager 
Cd 
.0 Sub-contractors (offsite) 
Sub-contractors (else) 
Authorities 
Work force 
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5.5.5.2 InterviewslWorkshopslInformal discussion 
The case study involved a combined use of a few types of interviews, including semi- 
and unstructured interviews, group interviews/workshops and conversations. Semi- 
structured interviews were used for the case study to obtain detailed, complex answers 
from the interviewees, to clarify unclear answers in the early questionnaire survey 
responses, and to reason/explore the answers/issues in-depth (5.4.5.3). The following 
paragraphs explain the use of other types of interviews. The general strategies explained 
in Section 5.4.5.3 applied to all of the types. 
Unstructured interviews 
Unstructured interviews were designed, in the case study component, to capture natural, 
rich and diverse information/data from the participants of the case company. They were 
mainly carried out before structured questions for further probes were asked. With 
several prepared "broad, open-ended questions", the interviewer took the role of an 
"active listener" as well as a "responsive and interested" facilitator, which enables the 
interviewee to tell her/his story without interruption (Morse and Richards, 2002). 
Group interviewslWorkshops 
Interviews on a group basis can take many forms which may include unguided 
conversations, formal meeting interactions, social gatherings and multiple respondent 
interviews (Morse and Richards, 2002). The literature sees a lot of efforts in 
distinguishing workshops from group interviews. The thesis regards both as a method of 
collecting data from a group of participants. However, the work did reveal a few 
observations which in effect distinguish the two methods: 
The group interviewees normally comprised one/two main interviewees and 
others. The main interviewee(s) was/were the managers of others. There were 
normally agreed answers, with few different opinions. Whilst the workshops 
offered better balanced conversations. 
9 The workshop participants were from different departments/external parties who 
were more or less at the 'same' level. A good deal of discussion, debate was 
presented. The process of reaching consensus, if applicable, was also available. 
9 The workshops mostly consisted of six to ten participants whilst group 
interviews involved two or fluee in the study. 
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Conversationsfinfonnal discussion 
Semi- and unstructured interviews are generally prearranged with some preset 
questions. However, the researcher may not be able to arrange interviews in a such way 
but need to conduct informal conversations in some circumstances. The circumstances 
mainly applied to the case study, and included: 
The researcher, during the fieldwork, was introduced to some unexpected but 
important personnel of the case company. The setting allowed and necessitated a 
short, unplanned but relevant conversation between the researcher and the 
participants. 
The participants, who were targeted for an interview, were not able to attend the 
interview as planned, but were available to have a short conversation. 
During the fieldwork intervals and/or the spare time the researcher conducted 
conversations with the participants to capture "thick" contextual information for 
the data collected formally, e. g. through interviews. 
The conversations for the case study fell into two categories in nature. One was very 
open, an unstructured talk guided by a "grand tour" question (Morse and Richards, 
2002: 94), whilst the other was a fairly focused narrow probe of the research issue. 
5.5.5.3 Document Analysis 
Documents existing independent of the research process may provide insights into 
participants' lives and, thus, may be used as data (Morse and Richards, 2002). The 
documents used for analysis in the study included company brochures, annual reports, 
policy documents, performance measurements/records and any relevant information, 
either available in hard copy or electronically over the intemet. 
5.5.5.4 Observations 
Observing is the mo 
* 
st natural of all ways of making data, and there are generally 
participant observation and non-partýcipant observation (Morse and Richards, 2002). 
Morse and Richards argued that this usual distinction hides the fact that there are 
myriad ways of watching and listening. Traditionally, researchers have recorded their 
observational data, along with their own interpretations, in the form of field notes. 
Occasionally they include in their observations records of the actual words of 
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participants' conversations in the setting to gain insights. Bryman (2004) presented the 
two types of classification of participant observer roles devised by Gold (1958) and 
Gans (1968). According to Gold, the roles of the researcher can be arrayed on a 
continuum of degrees of involvement with and detachment from members of the social 
setting, being graded as complete participant, participant-as-observer, observer-as- 
participant and complete observer. Gans (1968) classified the roles into total participant, 
researcher-participant and total researcher and views that the three roles will be 
employed at different times in the research and for different purposes. Bryman (2004) 
commented that it is undesirable, even it is possible, to take a single role for the 
researcher. He reasoned that there would be a lack of flexibility in handling situations 
and people, and risks of excessive involvement and, hence, 'going native', or 
detachment would loom large. Therefore, the researcher, in the case study, took the role 
of researcher-participant, the degree of involvement varying depending on the purpose 
of observations and the nature of the settings observed. 
5.5.5.5 MeetingsIParficipation 
Regular meetings with key staff from within the case company were included as part of 
the case study design. Meetings are quite different from interviews in terms of the 
extent of participation that the researcher takes. While the interviewee may feel 'being 
interrogated' and thus uncomfortable, the meeting participants gather together with a 
due responsibility and work more actively for some mutual objectives. Turthermore, 
interviews, within the context of a practical, organisational study, are normally semi- 
/structured and interviewer-driven, whilst meetings are functioning as a mechanism by 
which the participants exchange ideas and information, make claims and arguments, 
conduct reviews and plans, expose problems and seek solutions. Meetings offer 
opportunities for gaining rich contextual issues and capturing the insight of participants' 
ideology. They are extremely useful for carrying out organisational studies over a 
comparatively long period in which the researcher is involved as a researcher- 
participant. 
In this research meetings were set up on a monthly basis between the researcher and the 
related key staff of the company, represented by the Change Agent (SR). Before every 
meeting an agenda was sent to the potential participants, telling the context, e. g. time, 
venue, the purpose, the theme/issue and the topics for discussion. The meetings were 
116 
Chapter 5- Research Design & Methodology 
audio-recorded for later data analysis, where allowable and suitable, otherwise, notes ,- 
were taken by the researcher. After each meeting the notes were expanded and the 
fieldwork diary was updated (see 5.8.6.1). The regular meetings for the study provided a 
mechanism for reviewing the objectives, the progress and any outcomes on an on-going 
basis. The agenda, notes, the dairy, and transcripts, together, provide a rich context and 
triangulated data/information for analysis (5.8.6.1). 
5.5.5.6 Site visit 
The case study design at the project level determines the necessity of conducting site 
visits. The site visits were carried out to gain basic information on the two projects, to 
run workshops with the project team, and to capture visual data against the according 
comments made by the interviewees. During the site visits, the researcher conducted 
informal conversations with the accompanying site staff as well as site workforce. This 
enriched the researcher's understanding of the offsite technology used for the project 
and their perspectives on it. For the study, a number of photographs were taken of the 
site work process and the product, which help illustrate, in visual aid, some of the 
comments made by the interviewees/workshop participants. 
5.6 Main Study Component 3- BSS Validation 
5.6.1 Research Context 
The third main study component, the validation of the BSS tool, was carried out after its 
development through the case study. It included two parts of validation: first, by current 
decision-makers with a focus on the data included in the tool, and second, by decision- 
makers of the future with a focus on the methods used in the tool. The first part was 
carried out through personal interviews with senior technical directors/managers of five 
large housebuilders during the period from Jan to Feb 2006. The second part was 
carried out through group coursework by 81 university students of three construction 
management-related programmes during the period from Feb to May 2006. 
5.6.2 Validation Aim and Components Validated 
The validation aimed to validate the BSS tool in terms of the methods used and the data 
included. For the validation the tool was broken down into several components, each 
having been validated by either or both parts of the validation (Table 5.8). 
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Table 5.8 The BSS validation components 
Components validated 
Part 1: Validation by current Part 2: Validation by 
decision-makers decision-makers of the future 
Decision criteria and their hierarchy Yes 
The weights of the criteria Yes (Primary) Yes (Supplementary) 
Weighting methods Yes (Supplementary) Yes (Primary) 
The performance measurement of Yes (Primary) Yes (Supplementary) 
typical build systems 
Scoring methods Yes (Supplementary) Yes (Primary) 
Methods presenting decision outcomes Yes Yes 
The design of the validation in the several components took the considerations: 
9 The data provided by current decision-makers, the senior technical directors/ 
managers of five large housebuilders, were regarded as representative for the 
decision-making in build system selection within the similar organisational 
context. The validity of data was enhanced in this sense. The data are true. 
* Given the time constraint of the interviews and the nature of the interviewees, it 
would be very less feasible to ask the interviewees to answer the same questions 
using different methods. The validation by decision-makers of the future 
addressed this limitation and tested different methods for weighting and scoring. 
9 However, it can be argued against the validity of the data provided by future 
decision-makers since they were not yet decision-makers anyway and the project .ý 
scenarios used were designed on a hypothesised basis. Nevertheless, the 
reliability of data in this sense was ensured. 
9 The qualitative data collected from the validation exercises were handled in the 
same approach used in the case study. The quantitative data, in comparison with 
the data from the case study, were used to describe and test the relationships 
between the decision variables (see 4.3.2). 
5.6.3 Research Type 
The validation by current decision-makers mainly involved the use of the qualitative 
research type in the form of interview-based study (Bryman, 1989). However, the data 
collected also included a portion of quantitative data which were handled using 
descriptive univariate analysis (see 5.8). The validation by decision-makers of the future 
was the quantitative research type in the form of descriptive, correlational and causal- 
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comparative study. The concept of descriptive studies has been introduced in Section 
5.4.3. Correlational studies are designed to analyse the relationships between two or 
more variables, ordinarily through the use of correlation coefficients (Glatthom and 
Joyner, 2005). However, correlational studies cannot prove causation. Causal- 
comparative studies are designed to determine the possible causes of a phenomenon. 
Sometimes these studies are called ex post facto research since the causes are usually 
studied after they have had an effect upon another variable (Glatthom and Joyner, 
2005). In these kind of studies, the impact of the independent variable on the dependent 
variable is measured. The data from the validation by future decision-makers also 
contained qualitative elements which were analysed manually (see 5.8.6). 
5.6.4 Research Participants 
For the part of validation by current decision-makers, five large housebuilders were 
selected from the participants in the housebuilder survey. All five firms had used offsite 
technologies considerably for their housing projects during the past three years. The 
integration of the offsite approach to build processes had been taken on board within all 
of the companies. On behalf of their companies senior managerial or technical staff 
attended the interview. Four out of five senior managers had been involved in at least 
one Government-backed offsite/modem methods initiative, some taking the role of 
chairing their study groups. The other one had been heavily involved in the 
manufacturing industry and was currently exploring their offsite applications. For the 
purpose of confidentiality, all of the research participants are referred to with their 
acronyms. For the part of validation by decision-makers of the future, 81 university 
students of three construction management-related programmes were selected from the 
Department of Civil and Building Engineering of Loughborough University. All 
students had been taught with some modules which are related to offsite and innovation. 
The details of the participants are provided in Section 8.12.1 and 8.13.1 respectively. 
5.6.5 Research Methods & Procedures for Data Collection 
The first part of the validation was based on face-to-face interviews, with support from 
document analysis, whilst the second mainly used group coursework, supported by 
observations and informal discussion. 
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5.6.5.1 Interviews with current decision-makers - 
The procedures and strategies for carrying out interviews and document analysis have 
been explained in Section 5.4.5.3 and 5.4.5.1 respectively. This section explains why 
individual interviews were used instead of the workshop which was proposed at the 
outset of the design. The workshop appeared to be able to generate more insight 
discussion about the BSS tool and related decision support data. It could also save the 
researcher a lot of time and efforts from travelling. However, the workshop was finally 
aborted and replaced by individual interviews for the following reasons: 
* The validity of discussion during the workshop might be questionable. This is 
because the data on decision-making is so commercially sensitive that 
participants might not keep consistent with what they would provide in an 
individual interview. 
The reliability of data from the workshop might be questionable since potential 
participant large housebuilders are, more or less, competitors in the market. 
To run such a workshop which gathers senior managerial/technical levels of 
leading housebuilders under one roof might not be feasible due to the time and 
resources available to the research. 
9 The method of individual interviews is more suitable to the validation exercise 
of filling several questionnaires than the workshop would be. 
5.6.5.2 Group coursework by decision-makers of thefuture 
The idea of validating the BSS tool by decision-makers of the future was generated 
from the discussion between the researcher and one of his supervisors who was 
lecturing for the modules into which the group coursework was integrated. This strategy 
of "convenience sampling" generates a sample that is simply available to the researcher 
by virtue of its accessibility (see Bryman, 2004). The use of this type of non-probability 
sampling strategy took the following considerations: 
9 The strategy guaranteed a 100% response rate. 
The strategy ensured an intensive data collection which provided economic 
justifications for the work. 
It might be argued that the use Of convenience sampling makes it difficult to 
generalise the findings since the sample seems to be less-justified to represent 
the population, i. e. decision-makers of the future in this case. However, the 
primary objective of this part of validation by students was to help validate the 
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methods used in the tool. The results -obtained were interpreted within the 
analytic framework which also included the interviews with and observations of 
current decision-makers. 
Due to the time schedule of the modules and the research, the validation exercise was 
integrated into the existing module coursework for the two MSc programmes, whilst a 
separate coursework was designed for the two undergraduate programmes. For both, 
detailed coursework brief and method statements were provided to the participants. 
Observations and informal discussions were also used to capture a "rich descriptiorf' of 
the process of the group coursework. This helped the researcher to obtain a rich 
appreciation of the usage of the BSS tool by potential end-users. 
5.7 The Design of Supplementary Work 
In addition to the literature review, the exploratory studies and the three main study 
components, there were two types of supplementary work in the study. They were, first, 
general industry and academic activities for the study (see 6.5.1), and second, the survey 
of large insurers, lenders and warranty providers (see 6.5.2). The supplementary work 
was designed to provide a wider context for the research, deepen the understanding of 
the insurancellending stakeholders, and build a good rapport with industry people. - 
The general activities for the study included, in both the industry and academic domain, 
attending conferences, seminars and workshops, visiting exhibitions, meeting with other 
researchers in the similar area, and networking. These general activities contributed to 
the main study from three aspects. Firstly, they improved communication between the 
researcher and others. They helped update the researcher on the knowledge of the 
industry and academic from a broad perspective, but also provided opportunities for the 
researcher to share with others the interim outcomes of the research and receive 
comments/criticism. Secondly, they enabled the collection of in-depth and/or 
supplementary information from those who were either questionnaire surveyed or 
interviewed in the study. It was also good to thank them for participating in the early 
surveys and, thus, to maintain a pleasant rapport with them. Thirdly, they provided 
opportunities for organising follow-up/farther study. For instance, a number of 
interviews for the study were organised through the general activities. 
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The survey of large insurers, lenders and warranty providers aimed to identify their 
perspectives on the use of offsite, including their attitudes, perceived drivers and 
barriers, strategies, and recommendations for the industry, particularly housebuilders, in 
relation to the use of offsite in housebuilding. This is significant since the insurance 
industry and financial market are becoming more and more concerned with the use of 
offsite in housebuilding (see 3.5.3) but their perspectives in this regard remain under- 
researched (see 3.5-5). Their concerns with offsite have a significant impact on 
housebuilders' decision-making on the use of construction methods (see 6.3.4 and 6.3.8). 
The design of the survey took account of the recent related studies including the LPS 
2020 (BRE Certification, 2005), the Barker 33 Cross Industry Study (2006), the 
Association of British Insurer (ABI, 2005), and the Council of Mortgage Lenders (CML, 
2004,2005). The survey was carried out through a combination of personal contacts by 
the researcher and the questionnaire distribution through the member email-lists of ABI 
and CML. Though the survey did not generate a normally recognised response rate for 
scientific analysis, it provided valuable insights of the perspectives of a number of large 
insurers, lenders and warranty providers on the use of offsite (see 6.5.2). 
5.8 Data Analysis 
The preceding sections have presented that the research was carried out, within the 
analytic inductive framework. Similarly, the design of data analysis was not frozen at 
the outset of the study. Instead, it developed through such an approach that the logical 
processes by which they were developed are accessible to a critical reader, the relation 
between the actual data and the conclusions about data is explicit, and the claims made 
in relation to the data set are rendered credible and believable (Thorne, 2000). 
This section explains the whole analytic process adopted and justifies the analytic 
methods and strategies used for the study. During the early literature review and the 
research design somp initial considerations for data analysis were established. They 
were developed into the preliminary methods, procedures and strategies while the data 
were collected. The initial considerations, coupled with the preliminary methods, 
procedures and strategies, guided the interim data analysis. A full set of methods and 
processes of data analysis was formed after all of the data collection sessions were 
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completed by which the researcher gained a full, reasonable picture of the whole range 
of data for the study. Some modifications, of the use of detailed analytic techniques, 
were made during the early analysis stage. The researcher argues that the use of this 
analytic process addressed the original research objectives, made the best of the data, 
and ensured the provision of rigour and transparency of the analysis. 
Data analysis usually includes three procedures and they are reducing the data, reporting 
and displaying the reduced data, and analysing the data (Glatthorn and Joyner, 2005). 
This section explains and justifies the methods used in the research "to make sense of' 
the accumulated, voluminous data collected (Baptiste, 2001; Brause, 2000; Patton, 
2002). The methods and procedures used for data analysis are determined by the 
original research objectives and the nature of the data collected. The data collected 
through the three main study components vary very much from each other and include a 
wide range of types of data/information such as agenda, field notes, transcript, diary, 
survey form responses, etc. (5.8.6.1). The following strategies were taken in the study to 
deliver an objective, meaningftil transformation of the voluminous data into findings. 
5.8.1 Two 'Paradoxical'Parts: QnDA and QIDA 
The study involved a combined use of quantitative and qualitative approaches (5.3.3), 
which necessitated the use of the combination of Quantitative Data Analysis (QnDA) 
and Qualitative Data Analysis (QIDA). Even for any of the three main study 
components, their data collected consist of the two types. Actually qualitative data are 
not the exclusive domain of qualitative research. Many quantitative studies also include 
open-ended survey questions, semi-structured interviews or other forms of qualitative 
data (71borne, 2000). 
While qualitative analysis transforms data into findings, no formulae exists for that 
transformation (Patton, 2002). The challenge lies in making sense of massive amounts 
of data which involves "reducing the volume of raw information, sifting trivia froth 
significance, identifying significant patterns, and constructing a framework for 
communicating the essence of what the data revear' (Patton, 2002: p 432). Patton also 
argued that, "No ways exist of perfectly replicating the researcher's analytical thought 
processes. No straightforward tests can be applied for reliability and validity ... 
Qualitative analysis ultimately depends on the analytical intellect and style of the 
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analyst. The human factor is the great strength and the fundamental weakness of 
qualitative inquiry and analysis -a scientific two-edged sword' (p 43 3). 
5.8.2 The Approach 'Descriptive Statistics' for Quantitative Data Analysis 
Descriptive statistics (Christensen and Stoup, 1991) were used for the quantitative data 
analysis of the study. It surnmarised and described the data that had been collected. The 
descriptive statistics also enabled a broad picture to be discerned of the utilisation of 
offsite technologies, the strategies for future development, and the perspectives of 
current and future decision-makers on build system selection. 
5.8.3 Quantitative Data Analysis: Process and Strategies 
5.8.3.1 Revisit research aim and objectives 
The researcher took the strategy of revisiting the original research aim and objectives 
before analysing the data and presenting the results (see Koshy, 2005). The implications 
of the nature of the data collected and the size of sample were also taken into account 
for the analysis (see Bryman, 2004). The researcher also looked out for unexpected 
outcomesý which may be of significance, and reported them too. However, the 
conclusions must relate to the original research aims and objectives (Koshy, 2005). 
5.8.3.2 Clarib the types of variables 
The types of variables can be classified dichotomous, nominal, ordinal and interval/ratio 
(Bryman, 2004). Dichotomous variables contain data that have only two categories and 
they can be treated as ordinary nominal variables. Nominal variables comprise 
categories that can not be rank ordered. If the categories can be rank ordered, the 
variables are called ordinal, but the distances between the categories are not necessarily 
equal across the range. If the distances are identical, the variables are regarded as 
interval. Ratio variables are, in fact, interval variables but with a fixed zero point. Multi- 
indicator measures such as Likert scales (see Oppenheim, 1992) have been widely used. 
Tbough, strictly speaking, they produce ordinal variables, they are very often treated as 
interval/ratio variables. 
5.8.3.3 Use Microsoft Excelfor quantitative data analysis 
Microsoft Excel was used as the mechanism for storing, analysing, illustrating and 
presenting the quantitative data collected from structured methods such as questionnaire 
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surveys and the group coursework. The use of other more sophisticated software such as 
the Statistical Package for the Social Sciences (SPSS) (see e. g. Hinton et al., 2004) was 
excluded from this thesis. This took account of the considerations as follows: 
" 'Me quantitative data of the housebuilder survey (5.4) and the BSS validations 
(5.6) were not based on a large number of samples, e. g. not in thousands, which 
made less attractive the merit of SPSS in handling large size samples. 
" The data had been sorted, stored, and analysed, on an interim basis, using 
Microsoft Excel along with the study. The continuous use of Microsoft Excel 
saved time and efforts from converting the data/analyses into SPSS. 
" The quantitative data analysis of the housebuilder survey and the BSS 
validations was based on descriptive univariate and bivariate analysis. Microsoft 
Excel Provides effective functions in describing the frequencies of 
measurements and measuring the degree of relationships between variables. 
" It seemed that Microsoft Excel produces better illustrative figures and is simpler 
to use than other sophisticated software such as SPSS- 
5.8.3.4 Combine the use of univariate and hivariate analysis 
The quantitative data analysis involved a combined use of the methods of univariate and 
bivariate analysis. For displaying the data and/or results from univariate analysis, 
frequency tables were used to provide the number/percentage of respondents belonging 
to each of the categories for the variables in question. Diagrams were used appropriately 
to provide easy interpretation and understanding. The bar chart and the pie chart were 
mostly used for displaying data with nominal or ordinal variables for their easy use and 
understanding (Bryman, 2004). Whilst histograms were used for interval/ratio variables. 
To measure a distribution of data the study used three measures of central tendency, i. e. 
the mean, median and mode, and two measures of dispersion, i. e. the range and standard 
deviations. The mean is the arithmetic average of the values, the median is the mid- 
point in a distribution of values, and the mode is the value that occurs most frequently in 
a distribution (Clegg, 1982). The three measures of central tendency were used 
collectively in order to present a 'true' picture of the data. Range is the distance 
between the highest and lowest scores in the distribution. Standard deviations is a 
measure of variability obtained by taking the square root of the average of the squared 
deviations of scores about their mean (Christensen and Stoup, 1991). The study 
combined the use of these measures for descriptive statistical analysis where necessary 
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as some extreme scores may have a very big effect on results (Christensen and Stoup, --ý 
1991; Clegg, 1982). 
Bivariate analysis was used with two variables at a time to uncover the relationship 
between the two variables. However, this will not uncover any causality between the 
two variables (Bryman, 2004; Christensen and Stoup, 1991). A variety of techniques are 
available for examining relationships but their use depends on the nature of the 
variables being analysed (Bryman, 2004). In this thesis, the measure Pearson r is used 
for representing correlation between variables. The calculations for r are carried out 
through ftmctions provided in Microsoft Excel. 
5.8.4 The Approach 'Analytic Induction' for Qualitative Data Analysis 
Analytic induction is "a procedure for verifying theories and propositions based on 
qualitative data" (Taylor and Bogdan, 1984: 127) and it "begins with an analyst's 
deduced propositions or theory-derived hypotheses" (Patton, 2002: 454). 
"Sometimes, as with analytic induction, qualitative analysis is first deductive or quasi- 
deductive and then inductive as when, for example, the analyst begins by examining the 
data in terms of theory-derived sensitizing concepts or applying a theoretical framework 
developed by someone else.... After or alongside this deductive phase of analysis, the 
researcher strives to look at the data afresh for undiscovered patterns and emergent 
understandings (inductive analysis). " (Patton, 2002: 454) 
Inductive analysis involves discovering patterns, themes, and categories in one's data. 
Findings emerge out of the data, through the analyst's interactions with the data, in 
contrast to deductive analysis where the data are analysed according to an existing 
framework (Patton, 2002). Analytic induction combines the two approaches in an 
alternative but interactive way. Analytic induction was first articulated as a method of 
exhaustive examination of cases in order to prove universal, causal generalisations (see 
Manning, 1987; Vidich and Lyman, 2000). However, over time, analytic induction has 
been instead emphasised as a strategy for conducting qualitative inquiry and 
comparative case analysis that includes examining preconceived hypotheses, that is, 
without the pretense of the mental blank slate advocated in purer forms of 
phenomenological inquiry and grounded theory (Patton, 2002). This approach has been 
called modified analytic induction (see e. g. Bogdan and Biklen, 1992). 
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"Analytic induction reminds us that qualitative inquiry can do more than discover emergent 
concepts and generate new theory. A mainstay of science has always been examining and 
reexamining and reexamining yet again those propositions that have become the dominant 
belief or explanatory paradigm within a discipline or group of practitioners. Modified 
analytic induction provides a name and guidance for undertaking such qualitative inquiry 
and analysis. " (Patton, 2002: 494) 
Within the theoretical framework this thesis focuses on analysing qualitative data in the 
approach of analytic induction. This, in part, addresses the primary inductive 
characteristic of qualitative inquiry (Patton, 2002), and accommodates the nature of the 
research that it encompasses three logical main study components (5.3.5). 
5.8.5 Qualitative Data Analysis: Process and Strategies 
This section elucidates the process of the qualitative data analysis for the study. This 
aimed to provide the reader with a rational, analytically replicable account of the 
analysis. Two fundamental strategies were taken for the qualitative data analysis in the 
study. One was about the qualitative data collected using structured methods, for which 
a basic form of content analysis (Weber, 1990) was carried out. Despite the existing 
debates on whether the technique of context analysis should be quantitative or 
qualitative (see Berg, 1998; Krippendorff, 2004), it provides "a passport to listening to 
the words of the text, and understanding better the perspective(s) of the producer of 
these words" (Berg, 1998: 225). Content analysis entails the quantification of themes in 
order to establish their frequency and correlation between the variables (Bryman, 1989). 
The other was about the qualitative data collected using un- or semi-structured methods, 
for which the method manual analysis was used (detailed in 5.8.5.1). The use of more 
sophisticated computer software such as NVivo (see e. g. Durkin, 1997; Gibbs, 2002; 
Patton, 2002) was excluded from this thesis. This took account of the considerations as 
follows: 
* Most interviews of the study were fairly structured. In the housebuilder survey, 
the follow-up interviews were based on the completed questionnaires by the 
interviewees, and aimed to reason their answers and to explore the issues. In the 
case study, most interviews were pre-arranged with an agenda/checklist emailed 
127 
Chapter 5- Research Design & Methodology 
to the interviewees in advance. It was quite straightforward to analyse these 
fairly structured data manually. 
For less structured data, though software packages can help the researcher to 
investigate more lines of thought in a shorter period than would normally be 
possible manually, they can never replace all the intuition steps required within 
the manual process (Blismas and Dainty, 2003). There was no a large volume of 
unstructured data from the study, e. g. unstructured interview transcripts. This 
made the merit of computer software in handling voluminous qualitative data 
less attractive in this case. 
All of the data of the study had been sorted along with the study and stored 
chronologically in a computer. The researcher is familiar with the style that the 
data were organised. Converting the data into computer software would cost 
extra time and efforts. As Patton (2002: 446) argued, "in considering whether to 
use software to assist in analysis, keep in mind that this is partly a matter of 
individual style, comfort with computers, amount of data to be analysed, and 
personal preference". Learning to use new software is always requiring 
substantial amount of time and efforts which were significant to the study. 
The qualitative part of the data, particularly of the case study, was so dynamic in 
nature, covering a variety of types, e. g. agenda, field notes, transcripts, research 
diary, documents, (e)mail communications, that it would make the use of 
computer software less practical and very time- and effort-consuming. 
Computer software such as NVivo was verified less flexible to addressing the 
type of research problem of this study. The researcher excluded the use of 
computer software to avoid "the mistake of adapting the research problem to 
suit the capabilities of the software packages available" (Hunter et al., 2005: 67). 
5.8.5.1 The process of manual qualitative data analysis 
The process of manual analysis for this study largely draws on the existing knowledge 
of analytic processes in the literature. Baptiste (2001), claimed that there are four phases 
to all qualitative data analysis, regardless of the field of practice, disciplinary allegiance, 
research purposes or designs. They are: defining the analysis, classifying data, making 
connections between and among categories of data, and conveying the message/write- 
up. Berg (2001) detailed the analytical process into six steps. Firstly, the data are 
collected and transformed into text. Next, codes are developed or identified in the data 
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and affixed to the textually-represented data. Thirdly, the codes are translated into 
categorical themes. Fourthly, the collected materials are sorted using these categories. 
Fifthly, those same materials are closely examined in order to isolate meaningftil 
patterns. Lastly, those identified patterns are reviewed in light of previous research and 
existing theories, yielding a small set of generalisations. DeNardo and Levers (2002), in 
relation to the process provided in Berg (2001), claimed that the first step must be 
undertaken by humans, the second step is also a human task whether it is accomplished 
by hand or through the use of computer software, and the last one must be intervened by 
humans. Baptiste (2001) claimed that every analyst, during any QIDA process, takes 
into account three sets of considerations: philosophical, design and contextual. 
Philosophical considerations refer to the analyst's systems of values and beliefs 
concerning research in general. They also include the analyst's interests, ideological 
stance, and theoretical positions regarding the particular phenomena or issue(s) under 
investigation. Design considerations refer to specific requirements imposed upon the 
analytic process by the very nature of the research questions themselves. These are 
considerations about research purposes and methods, including corresponding strategies 
and tactics. Contextual considerations refer to what is feasible given the analyst's 
knowledge and skills, resources, power and influence (Baptiste, 2001). This is 
inconsistent with the claim by Brause (2000) that contextual issues including the culture 
of the university, the program, the chair to which the research are affiliated dictate the 
researcher's role in analysing data. Within the above theoretical framework, the process 
used in the study for qualitative data analysis is mapped out in Figure 5.4. 
This map structures the way in which the qualitative data were handled. It also improves 
the transparency and clearness of the relevant process as no computer software was 
used. The sequential presentation of the process does not imply thýt the steps are 
separate and disconnected from each other. Instead, they are often interactive, 
overlapping and iterative. The detailed steps of the process are explained in the 
following sections. 
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Figure 5.4 Process of qualitative data analysis 
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5.8.5.2 Prepare, sort and store data 
For preparing qualitative data for analysis, in order "to make deeper and more 
conceptually coherent sense of what is happening" (Miles and Huberman, 1994: 72), 
Spradley (1979) suggested that observers keep four separate sets of notes (Table 5.8) 
which are regarded as helpful "to systematise fleld notes and thus improve their 
reliabi1hy' (Silverman, 2005: 176). Miles and Huberman (1994) suggested writing 
contact summary sheets after each observation to expand what gets recorded in field 
notes (an example is provided in Table 5.9). 
Table 5.9 Two approaches to developing field notes 
Spradley's sets of notes Miles and Humberman's contact summary sheets 
1. Short notes made at the time; I. What people, events or situations were involved? 
2. Expanded notes made as soon as 2. What were the main themes or issues in the contact? 
possible after each field session; 3. Which research questions did the contact bear most 
3. A field work journal to record centrally on? 
problems and ideas that arise during 4. What new hypotheses, speculations or, guesses about the 
each stage of field work; field situations were suggested by the contact? 
4. A provisional running record of 5. Where should the fieldworker place most energy during - 
analysis and interpretation. the next contact, and what sorts of information should 
be sought? 
Source: Spradley (1979), and Miles and Huberman (1994: 51-2) 
Morse and Richards (2002) argued that writing memos enables the researcher to reflect 
on the data record or on the topic or theme, and should then become part of the data set. 
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They suggested that memos may be used to record the contextual issues of data 
collection events and any ideas or impressions about the data collected. 
The study has combined these approaches to developing the data, including both field 
notes since "it is directly linked to the quality of data analysis" (Silverman, 2005: 177) 
and expanded data/ideas sometimes termed "memos" (Morse and Richards, 2002). The 
developed data used for analysis in the study include: 
1. The agenda prepared before the fieldwork. This includes the content of the context, 
e. g. time, venue, the purpose, the themes/issues and the methods to be used for the 
fieldwork. The agenda referred to in the thesis are the copy for the researcher, whilst 
a slightly modified, simplified copy was normally sent to the potential participants 
before the fieldwork. 
2. The 'real'field notes made during the fieldwork. This includes the key answers 
from the participant, the immediate reflections the researcher got, the important 
extract/quote from the participant. 
3. The expanded field notes made as soon as possible after the fieldwork. This 
develops the 'real' field notes. It develops further two types of data: first, the 
'objective' record including the key answers from the participant and the important 
extract/quote from the participant, and second, the 'constructive' record including 
the reflections the researcher got, the provisional analysis and interpretation of the 
data'. & -review of the research questions addressed and the new research issu . es th . at 
would be generated from the fieldwork. The second part is normally termed 
$memos'. 
4. ne research diary. This records problems and ideas that arise before, during and 
after the fieldwork. This also includes the strategies designed for and the learning 
points from conducting the fieldwork and the action points following the fieldwork, 
e. g. 'is it necessary to follow up' and 'what extra information should be sought'. 
5. Transcripts. This applies to the audio-recordings of the interviews, meetings and 
workshops made where possible. Such transcript-based analysis should cover the 
same data as field notes based analysis do, but also the transcripts. However, the 
field notes here can be strategic notes only. 
All data were stored both in hard copy and electronically, and reviewed along with the 
data collection process. The research diary was updated accordingly. Each data event 
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was given a separate file folder. The folders and the files were all named by the date and 
type of the event and the abbreviation of the main participant. 
5.8.5.3 Transform the data into text 
The transformation of data into text involves reducing the data having been collected to 
a manageable, informative database. Strategies were taken to assure that the quality of 
data does not get lost during the process. It has been claimed as important to refer back 
to initial research questions for data analysis and to "be cautious of losing sight of the 
forest byfocusing on individual trees" (Brause, 2000: 120). Therefore, each analytical 
process (Chapter 6,7 and 8) is connected with their related research questions (1.3.1). 
Also, Brause (2000) suggested that providing explicit documentation of data analysis 
procedures adds the value of work and promotes the credibility of interpretations. 
As explained in Section 5.4.5.3, all interviews and workshops were audio recorded 
where allowable and suitable. Recordings were transcribed verbatim for analysis. The 
transcripts produced "offer more than just 'something to begin with. In the first place, 
they are ... available to the scientific community 
in a way that fleld notes are not. 
Second, they can be replayed and transcriptions can be improved and analyses take off 
on a different tack unlimited by the original transcript' (Silverman, 2005: 184). 
Transcribing offers a point of transition between data collection and analysis as part of 
data management and preparation (Patton, 2002). All transcriptions were conducted by 
the interviewer rather than any outsourced transcriber, which provided an opportunity to 
the researcher to get immersed in the data and generate emergent insights. 
Transcribe over and over, rich context such as pauses, signs, laughs may be obtained 
which are claimed as helpful during analysis of social behavioural research (Silverman, 
2005). However, the process of transcribing is extremely painful. One hour's recording 
could take tens of hours to transcribe. This challenges every researcher in terms of time 
and efforts. This brings the need for balancing the available resources and gaining a 
satisfactory extent of validity of recordings. In this circumstance, the parts of the 
transcripts which were irrelevant and unimportant were taken out of analysis for 
practical purposes (Simister, 1995). Nevertheless, this reduction did not detract from the 
deep meanings that have emerged from the analysis (Miles and Huberman, 1994). The 
use of agenda, field notes and fieldwork diary certainly help the researcher grasp the 
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key, critical points arising from the fieldwork and offset to a large extent any missing 
points from the process of transcribing. 
S. 8.5.4 Code the data 
Coding allows the researcher to simplify and focus on some specific characteristics of 
the data and assist him/her in abstracting or thinking up from the data (Morse and 
Richards, 2002). It has been claimed that the excellence of the research rests in large 
part on the excellence of the coding (Strauss, 1987). Morse and Richards (2002) 
distinguished among three kinds of coding: the storage of information, termed 
descriptive coding in Miles and Huberman (1994), topic coding, and analytic coding for 
developing concepts. They suggest that the researcher needs to go beyond storing 
information and gathering materials by topics and move to creating and developing 
abstractions from the data. Coding, therefore, functions as a way to link data with 
information, topics, concepts and themes. The procedures and strategies taken for 
coding for the study are explained as follows. 
First, descriptive coding was used to store factual things about the data items, e. g. 
participants, events, contexts. The overview of these information was tabulated in the 
results chapters. A chronological order was taken by default for storing the information. 
Second, topic coding was used- to provide an accurate description of the varieties of 
retrieved material as well as a new way of access to the data. All material on a topic 
were identified for later retrieval and description, categorisation or reflection. This was 
particularly helpful in breaking down and regrouping the data collected from 
unstructured events in which the participants were normally speaking more freely and 
openly than in (semi-)structured events. For every data set, for instance, an interview 
transcript, the printed texts were marked up using coloured lines and the related topics 
were written in the margins. This highlighted the topics but remained the context, which 
was better, in this regard, than the other methods like cutting and pasting or using index 
cards or folders which would cause the loss of original sequence and the context of the 
data (Morse and Richards, 2002). Topic coding is often used as a first step to more 
interpretative coding. Third, analytic coding was used with topic coding almost 
concurrently in the study. The data collected were reviewed regularly, along with the 
study process, within the context where they came from. 'Ibis addressed the concern 
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highlighted in Morse and Richards (2002) that coding wrenches the data segments out 
of context, distancing the researcher from the original whole. 
For the qualitative data analysis in the study, the three types of coding were not 
mutually exclusive nor logically chronological, but were used together in order to 
facilitate the developing of themes as 'real' as possible. For instance, in the interviews 
within the case study, all interviewees, from different departments, were asked to 
explain their scores on the drivers they provided through the questionnaire survey. 
During analysis, all comments were first put together through cut-and-paste. These 
comments were then codified descriptively and topically. The descriptive coding helped 
record who made such comments and the relevant contexts whilst the topical coding 
helped develop themes of such driving factors. 
5.8.5.5 Ranslate the codes into categorical themes 
Themes usually mean something more pervasive than a topic or category. A theme runs 
right through data and is not necessarily confined to specific segments of text. However, 
with a theme, the researcher is more likely to see segments of text that are pertinent to 
that theme (Morse and Richards, 2002). Translating the codes into categorical themes in 
the study involved copious and detailed 'memos' (5.8.5.2) that are abstract and 
reflective and must be categorised and sorted as they are data too (Morse and Richards, 
2002). As explained in Section 5.8.5.1, coding, therne-ing and pattern-ing are not., . 
logically excusive nor sequentially separated. Coding is never an end in itself but is a 
way of achieving categorisation and interpretation (ibid). 
5.8.5.6 Generate patternsfrom the categorical themes 
Though there is no hard-and-fast distinction, Patton (2002) stated that the term pattern 
usually refers to a descriptive finding while a theme takes a more categorical or topical 
form. Morse and Richards (2002) suggested that categorisation and conceptualisation 
are processes that enable the identification of patterns. They highlighted, "Categorising 
is how we get "up" from the diversity of data to the shapes of the data, the sorts of 
things represented. Concepts are how we get up to more general, higher-level, and 
more abstract constructs" (p133). It is of importance to manage the processes of coding, 
theme-ing and pattern-ing, which helps the researcher to think up from data. Morse and 
Richards (2002) suggested making memos 'generously'. For any idea, topic, theme, 
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concept or pattern, the researcher stored in his computer a description of how it should, 
be seen and used. The description was kept as either a separate file or part of the 
expanded field notes (5.8.5.2). They were updated according to any change to the idea, 
topic, theme, concept or pattern. No precise terms describe varieties and processes of 
qualitative data analysis. Content analysis, basically for quantitative data analysis (see 
Krippendorff, 2004; Neuendorf, 2002), sometimes refers to searching text for recurring 
words or themes. However, content analysis usually refers to analysing text such as 
interview transcripts, diaries or documents rather than observation-based field notes 
(Patton, 2002). 
5.8.5.7 Interpret results andpresentfindings 
This is the last step of the process of qualitative data analysis. Interpretation goes 
beyond the description of data. It means "attaching significance to what wasfound, 
making sense of findings, offering explanations, drawing conclusions, extrapolating 
lessons, making inferences, considering meanings, and otherwise imposing order on an 
unruly but surely patterned world" (Patton, 2002: 480). During qualitative interpretation 
the analyst works back and forth between the data and his or her own perspective and 
understandings to make sense of the evidence. Both the evidence and the perspective 
brought to bear on the evidence need to be elucidated in this 'choreography' in 
searching of meaning (Patton, 2002). 
The way the researcher interprets results and presents findings depends on particular 
circumstances and research purposes. The researcher needs to tell the reader what 
she/he has learned and how she/he learned it. Different results from different 
interpretations and presentations enable cross analysis but also bring in limitations of 
research posed by the researcher's bias. Patton (2002) suggested a balance between 
description and interpretation by which the report provides "sufficient description to 
allow the reader to understand the basis for an interpretation, and sufficient 
interpretation to allow the reader. to appreciate the description" (p. 503-4). Denzin 
(1989) echoed such a balance, between "thick description7 and "thick interpretation", 
for reporting findings. 
Stake (1995: 38) emphasised that "explanations are intended to promote understanding 
and understanding is sometimes expressed in term of explanation - but the two aims 
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are epistemologically quite different a difference important to us, the difference 
between case studies seeking to identify cause and effect relationships and those seeking 
understanding of human experience". Therefore, when the organisation and description 
of data are largely complete it is appropriate to move on to making comparisons and 
considering causes, consequences and relationships (Patton, 2002). A particular 
limitation for this concerns the researcher's capacity to escape simplistic linear 
modelling. Pattern (2002: 480) warned not to "specify isolated independent and 
dependent variables that are mechanically linked together out of context", but to portray 
"a holistic picture of what the phenomenon, setting, or program is like" and understand 
the 'Ifundamental nature of a particular set of activities and people in a specific 
contex is . 
The data/results part of this thesis is organised analytically, including three chapters, i. e. 
the housebuilder survey (Chapter 6), the case study (Chapter 7) and BSS validations 
(Chapter 8). On the chapter level, the data/results of the housebuilder survey are 
presented thematically. Whilst for the case study and BSS validations chapters, the 
results are broken down analytically to sections, i. e. the case study at group, subsidiary 
and project levels and the BSS validations by current and future decision-makers 
respectively. The data/results of these sections are presented thematically. 
5.8.6 Case Study Analysis 
Case study data may consist of interview data, observations, documentary data, 
impressions and statements of participants, and contextual information. In effect, all 
information that has been accumulated about each particular case goes into that case 
study. The diverse sources make up the raw data for case analysis and can amount to a 
large accumulation of material (Patton, 2002). Patton suggested the process of 
constructing case study data for analysis which includes: to assemble the raw case data, 
to construct a case record, and to write a final case study narrative presented 
chronologically, thematically or both. 
The case study in the research shared the characters of an organisational study (5.5.3.3) 
and action research (5.5.3.4). Also, it involved the use of a wide range of research 
methods (5.5.5) and lasted for one and half years, which had produced a great deal of 
data. The data were primarily qualitative in nature but also contained a quantitative part. 
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This great diversity of data, coupled with their mixed nature, caused significant 
difficulty for the researcher to store and make sense of them. Miles and Huberman 
(1994) suggested a model which guides the researcher to both make sense of the data 
and to share her/his interpretations with the audience. They defmed data analysis as 
consisting of three concurrent flows of activity: data reduction, data display and 
conclusion drawing/verification. Generally, the case study analysis involved the 
combined use of DnDA and DIDA methods and techniques explained in the chapter (e. g. 
5.8.1,5.8.3 and 5-8.3). The detailed analytic procedures and strategies enabled the 
meaningftil presentation of the case study and the establishment of relevant arguments. 
The main research outcomes developed from the case study, e. g. the BSS tool, were 
validated in a wider context, which is presented in Chapter 8. 
5.9 Summary 
Within the theoretical framework established in Chapter 2,3 and 4, this chapter has 
provided a detailed account of the research design and methodology. With the 
philosophical considerations for the research, the chapter has presented the research 
design in the three main components of the study: the housebuilder survey, the case 
study and the BSS validation, each achieving its related research objectives in a logical 
order (see Table 5.2). In relation to the three main study components, the chapter has, in 
a detailed, explicit way, explained and justified the data collection methods and the 
strategies/procedures for implementing them. 'Ibis not only adds the trustworthiness of 
the research but also provides 'a replication logic' for those who are interested in the 
use of similar methods and techniques. After that, the chapter has explained the 
combined use of Quantitative Data Analysis (QnDA) and Qualitative Data Analysis 
(QIDA) in the study. The approach 'descriptive statistics' for QnDA and the approach 
ganalytic induction' for QIDA have been justified. The strategies for data analysis have 
also been explained. All these, together, have provided a methodological framework for 
designing the research, and collecting and analysing the data of the study. The results 
and analyses of the study are presented in the following chapters. 
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6 HOUSEBUILDERS PERSPECTIVES & PRACTICES 
OF USING OFFSITE 
6.1 Introduction 
The under-researched but important area of housebuilders has been revealed by the 
literature review (Chapter 2,3 and 4) and the exploratory work (see 5.3.4). The thesis 
has, to now, argued that understanding housebuilders' perspectives and practices of 
offsite is critical to addressing the current under-supply of housing and answering the 
call for quality improvement. Chapter 5 has presented the research design for the 
housebuilder survey, which aims to achieve the objective 4 and 5 (1.3.2) by 
investigating the perspectives and practices of the top 100 housebuilders in using 
offsite-MMC (5.4). This chapter reports the results of the survey. The chapter also 
presents the supplementary work to the survey. Ibey, together, reveal an overall picture 
of housebuilders in the UK with regard to the use of offsite. The main findings suggest a 
framework of strategies for optimising the use of offsite. The chapter is concluded by 
suggesting in-depth study of offsite practices and strategy implementations within the 
organisational context. The discussion of the survey results within the existing body of 
knowledge is provided later in this thesis (Chapter 9). 
6.2 Survey Responses 
The survey was initialised using a postal questionnaire survey of senior managerial 
and/or technical level of the top 100 housebuilders; by unit completions. The immediate 
findings of the questionnaire survey were taken to a series of follow-up interviews, 
either face-to-face or over the telephone, with selected survey respondents from large- 
sized companies. All of the interviewees were senior managers with responsibility for 
company policy level decisions on whether to use offsite-MMC within their 
developments. This combined approach yielded an overall response rate of 36% (Table 
6.1). This response rate was considered justifiable compared with "the norm of 20-30% 
with most postal questionnaire surveys of the construction industry' (Akintola and 
Fitzgerald, 2000: 163). This also addressed the concern of Moser and Kalton (1971) that 
a response rate lower than 20 or 30% in social surveys could make the results of little 
value. A detailed analysis of the responses shows a higher response rate from the 
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leading firms (e. g. 50% from the top 20) than from the smaller ones (e. g. 28% from the 
top 41-100). Nevertheless, the survey results are regarded as significant because the 
participant companies in the survey, together, represented more than 30% of the total 
housing unit completions by the industry overall in 2002 (see Table 5.5 and Table 6.1). 
Table 6.1 Details of responding housebuilders 
Housebuflders Unit completions Turnover (Em) Interview 
Questionnaire 
survey 
Al 13480 2062 
A2 6238 1184 
A3 6044 773 
A4 4164 827 
A5 3812 560 
A6 2691 461 
A7 1901 224 
A8 1854 456 
A9 1387 203 
AIO 1307 231 
_ BI 1085 233 
B2 1075 102 
B3 877 145.6 
B4 775 82.4 
B5 694 88.7 
B6 621 82.7 
B7 582 39.5 
B8 504 101.6 
B9 478 51.3 
_ CI 445 46.5 
C2 331 42.4 
C3 257 24.7 
C4 240 64.7 
C5 204 23.2 
C6 174 24.7 
C7 173 17.6 
C8 150 50.3 
C9 150 18.8 
CIO 150 51.1 
Cil 149 24.9 
C12 124 12.1 
_ Total of respondent firms 52,116+ 8308.8+ 11 36 
The industry as a whole 175,600 
Percentage 30%+ 
Source: The Private Housebuilding Annual 2003 (Wellings, 2003). 
Notes: 1) 'A' stands for housebuilders from the group of the top 20 (by unit completions); 'B' from the 
top 21-40; and 'C' from the top 41-100.2) The housebuilders with * have been acquired by others. 3) 
Y means that some respondent firms are anonymous and thus their details are not included in this table. 
6.3 Survey Results 
Before analysing the data the survey objectives (5.4.2) were revisited and the survey 
design (5.4) was reviewed. The methods for data analysis were determined by the nature 
of the survey data, including both qualitative and quantitative proportions, and the type 
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of data collection, combining a questionnaire survey and interviews. The analysis was 
carried out through the use of Microsoft Excel (5.8.3.3) and manual analysis (5.8.5.1). 
The survey results are presented under the headings specified in the survey instrument. 
An industry version of the survey results has been published in the professional journal 
Offsite Construction (Winter 2005: 20-2) (Pan et al., 2005a) and by buildoffsite (ISBN 
0 86017 915 X, previously published by Loughborough University, ISBN 0 947974 34 
2) (Pan et al., 2005b). An academic paper (Pan et al., 2006a) drawing on the results of 
housebuilders' perspectives has been accepted for publication by the journal 
Construction Management and Economics. 
6.3.1 The Nature and Extent of oftsite-NMIC Applications in Housebuilding 
Q: Has your company used the offshe produced elements listed in thefollowing table? 
The housebuilders were asked to indicate their offsite-MMC usage in relation to key 
building elements for both flats/apartments and individual houses. A third (33%) of the 
sample firms responded to this question. A rating scale was used to measure the 
magnitude of offsite-MMC usage in the firms from 'never' to 'always' (Figure 6.1). A 
weighted rating of the usage of offsite-produced building elements was obtained by 
multiplying the ratings from each responding firm with its housing unit completions 
divided by the sum of housing unit completions by all of the firms. This analysis 
showed very small changes of the final weighted ratings by using data input from the 
top 20 firms and that from the top 100. In this regard, the weighted ratings presented in 
Figure 6.1 only took the data input from the top 20 firms. 
The level of overall application of offsite-MMC of housebuilders is low, rated 'rarely' 
or 'sometimes'. Generally, the extent of using offsite-MMC for multiple occupancy 
dwellings (flats/apartments) is slightly higher than for individual houses. Some highly 
documented offsite-MMC techniques are actually only applied to a very limited extent 
in housing, rated almost 'never' (0) (Figure 6.1), and these include complete modular 
building, bathroom and toilet pods and flat packs, kitchen pods and flat packs, offsite 
plant rooms and complete wall panels (both skins). It could be argued that the lack of 
quantitative statistics from the results underestimates the part of smaller developers who 
may be specialising in offsite-MMC. However, this study drew a qualitative overview 
of offsite-MMC usage in housing given that the top 20 firms contributed the majority of 
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housing unit completions in the UK. The results also enable a cross comparison of the 
usage between the many building components and systems which are produced offsite, 
Fiaure 6.1 The nature and extent of offsite-MMC applications C, 
Weighted Rating of the Top 20 Housebuilders' Practice 
Complete modular building 
MIVIC stairs / lift 
Kitchen - Flat pack 
Kitchen - Pods 
Bathroom & Toilet - Flat pack 
Bathroom & Toilet - Pods 
Offsite plant room 
Offsite distribute network 
Pre-assembled root 
Upper floor - Other Offsite 
Upper floor - Timber cassettes 
Upper floor - Concrete beam and block 
Upper floor - Concrete "holocore" 
Ground floor 
Internal wall - others 
Internal wall - panels 
Internal wall - Dry-lining 
internal wall - Block work 
Pre-assembled balcony/ parapet 
Complete wall panels (both skins) 
External wall - Internal skin panels 
Timber frame 
Pre-assembled formwork if in situ 
Precast concrete frame 
Structural steel frame 
Pre-assembled drainage & under-ground services 
Basement offsite M&E plant 
Basement precast floor 
Basement precast wall 
Other Oftsite foundation 
Precast pads 
Precast piles 
M Flats / apartments 
13 Individual houses 
Nevvi 
Rajuly 
Soniclinics 
MmIlv 
Alwipvý 
01234 
6.3.2 TheTrend in Oil'site-MMCApplications 
Q: If taking the hou., scbuilding industry as a whole, do You think it needs to increase the 
take-lip qf offsite-MMC applications? 
A third of the sample firins answered this simple, close-ended question. Nearly two 
thirds (64%) of the housebuilders indicated that the industry needs to increase the take- 
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up of offsite-MMC applications, 21% were not sure and onlY 15% believed that no 
increase was necessary (Figure 6.2). The larger housebuilders were more favourable to 
increasing offsite take-up. 
Figure 6.2 Does the industry need to increase the take-tip of offslte-MMC? 
Situational 
12% 
Not sure 
21% 
No 
151/ 
yes 
52' "ý ý 
Q: Does your company plan to increase the use of (? #. '. 'vile-MMC in your housebuilding 
projects in the next 3 years? 
All of the responding firms (36) answered this question. Those who planned to increase 
the use of offsite-MMC in the near future also provided the extent of their potential 
increase by volurne. More than half of the housebuilders (58%) were planning to 
increase their use of offsite-MMC (by volume) in the next three years. Though the 
degrees of the potential increase of offsIte-MMC usage in these companies varied, their 
average appeared to be around 15% by volume. The remaining firms (42%) indicated 
that they planned to maintain their current levels (Figure 6.3). The larger housebuilders 
were more likely to increase the use of offsite-MMC. The results show that the majority 
of housebuilders were open to the increased take-up of offsIte. However, comments 
made along with these answers reveal that there is still a risk-averse attitude to the use 
of innovative construction techniques among a significant number ofhousebuilders. 
Figure 6.3 The trend of using offsitc-MMC in the top 100 hOUsebuilders 
Increase 
Increase Maintain 
by >/= 10% 42% 
but<20% 
25% 
Increase 11111111111lOP" increase 
by<10% extent not 
3% indicated 
19% 
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Q: Mich elements of a house do you think of"er the greatest polential. /or qf site-MMC 
applications in thefuture? 
This question was asked with reference to the house elements provided in the question 
presented in Section 6.3.1. A third (32%) of the sample firms answered this question 
and, ultimately, 27% were taken for analysis since the other answers were judged 
irrelevant and, thus, were excluded from the analysis. The data were analysed in terms 
of the frequency of the clairris of the elements. Ile aspects of housing with the greatest 
potential growth for off. site-MMC applications were considered to be kitchen and 
bathroom (44%), external wall (41%), timber frame (37%) and roofs (33%) (Figure 
6.4). This means, for example, 44% of the housebuilders claimed that kitchen and 
bathroom offer greatest potential for offsite-MMC. The housebuilders did not generally 
see great potential for complete modular bui t' but they did see good prospects for 
kitchen and bathroom which are volunietric preassenibled pods in most cases. 
The survey participants also provided their cxplanations and comments against this 
question. The analysis reveals that housebuilders assessed the potential for offsite-MMC 
applications against a wide range of factors being grouped under headings: technical 
requirements, cost, time, site integration, customers' choices, sales, mortgage issues and ZI ýn 
site specifics. 
Figure 6.4 Elements offering greatest potential for offsitc-MMC 
50% 
4) 40% 
Q 
0 
= 4) 30% 0 
0 
(D E 20% 
tm ii 
0) 0 
0% 
NIO Q, el Cp Jqý 
o& 
Elements claimed 
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6.3.3 Drivers for Using Offsite-MMC 
Q: Mat are the driversfor using offsite-MMC in your housebuilding projects? 
A five-point rating scale (see Figure 6.5) was used to measure the housebuilders' view 
on the importance of the drivers. More than a third (34%) of the top 100 housebuilders 
responded to this question. The data were analysed and presented in both the mean and 
the mode values (see 5.8.3.4) of the grades on the scale provided by the respondents. 
This combined use of the two measures of central tendency helps clarify the results and 
verify the analyses. 
Data analysed andpresented using the mean values 
The driver 'achieving high quality' was rated the highest mean (4.3) of the importance 
score, followed by 'minimising onsite duration' (4.2), 'ensuring time certainty' (4.0), 
'reducing health and safety risks' (3.9), 'addressing skills shortages' (3.9), 'ensuring 
cost certainty' (3.8), and 'revisions to the building regulations' (3.5) (Figure 6.5). With 
reference to the rating scale used, it can be interpreted that any drivers with the mean 
between 3.5 (inclusive) and 4.5 (exclusive) were rated 'important' whilst those with the 
mean between 2.5 (inclusive) to 3.5 (exclusive) were rated 'neutral'. 'Me mean of all of 
the remaining drivers are less than 3.5.7be drivers 'clients' influences' and 
4government promotion', particularly, were pted a fairly low score: 2.8 and 2.7 
respectively. Comparisons between the responses from the larger and the smaller firms 
show that the larger firms rated the drivers 'addressing skills shortages', 'as part of 
company strategy' and 'clients' influences' higher than the smaller firms did. 
Data analysed and presented using the mode values 
Figure 6.6 presents the mode of the grades on the scale provided by the respondents as 
well as the percentages of those responses. The driver 'achieving high quality' was 
rated as a 'very important' driver by 59% of the respondent firms. The drivers 
'addressing skills shortages' and 'minimising onsite duration' were rated as 'important' 
drivers by over 60% of the firms. The drivers 'reducing environmental impact during 
construction', 'ensuring cost certainty', 'ensuring time certainty' and 'maximising 
environmental performance for the lifecyclcý' were also rated 'important', but with the 
percentage of responses around 40%. The remaining drivers were mostly rated 'neutral' 
for the housebuilders' decision-making whether to use offsite-MMC. 
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Figure 6.5 Drivers for using offsite-MMC in the top 100 firms (mean values) z: l 
a) Ensuring cost certainty 
b) Ensuring time certainty 
c) Minimising on-site duration 
d) Achieving high quality 
e) Reducing health and safety risks 
f) Reducing environmental impact during construction 
g) Maximising environmental performance for the lifecycle 
h) Restricted site specifics 
1) Addressing skills shortages 
j) Government promotion 
k) Revisions to the Building Regulations 
1) As part of company strategy 
m) Clients' influences 
Keys: I- not important; 2- somewhat important; 3- neutral; 4- important; 5- very important 
Figure 6.6 Drivers for using offsite-MMC in the top 100 firms (mode values) 
Percentage of Indications 
0% 20% 40% (301Y. 80% 100% 
a) Ensuring cost certainty 
b) Ensuring time certainty 
c) Minimising on-site duration 
d) Achieving high quality 
e) Reducing health and safety risks 
f) Reducing environmental impact during construction 
g) Maximising environmental performance for the lifecycle 
h) Restricted site specificý; 
i) Addressing skills shortages 
j) Government promotion 
k) Revisions to the Building Regulations 
1) As pan of company strategy 
m) Clients' influences 
13 The most indicated scale of importance 0 
0 Percentage of these inclicatic 
Keys: I- not important, 2- somewhat important; 3- neuli-4 4- important; 5- very important 
145 
2345 
1 
Chapter 6- Housebuilders Perspectives & Practices of Using Off. vite 
Q: tf taking the housebuilding industry as a whole, which three drivers do you think are 
the most importantfor using qftsite-MMC? 
For answering this open-ended question, the factors listed in the last question were 
provided as a pool of potential drivers to choose from. Less than a third (28%) of the 
sample firms responded to this question. The data were analysed in terms of the 
frequency of the claims of the drivers. The most important industry- wide drivers for 
using offsite-MMC were addressing skills shortages (61 %), then ensuring time and cost 
certainty (54%), then achieving high quality (50%) and then rnininusing onsite duration Z, 
(43%) (Figure 6.7). Analysis on housebuilders' comments made along with their 
quantitative answers reveals that the conventional drivers of th-ne, cost and quality are 
still strongly influencing the industry in deciding whether tO use innovative building 
technologies. Factors such as health and safety, sustainability and clients' influences Z: I 
appear to be implicit or overlooked. 
Figure 6.7 Most important industry-wide drivers for using offsjte-MMC in 
a) Ensuring cost certainty 
b) Ensuring time certainty 
c) Minimising on-site duration 
d) Achieving high quality 
e) Reducing health and safety risks 
f) Reducing environmental impact during construction 
g) Maximising lifecycle environmental performance 
h) Restricted site specifics 
i) Addressing skills shortages 
j) Government promotion 
k) Revisions to the Building Regulations 
1) As part of company strategy 
m) Clients' influences 
43% 
50% 
4% 
ý: *3 7% 
4% 
0% 20% 40% 60% 80% 
Percentage of Responses 
61% 
The drivers for the top 100 housebuilderS to LISC offSjte-MMC were basically consistent 
with those applying to the industry overall. I lowever, achieving high quality was 
indicated as most important and the issues of health and safety and sustainability were 
taken into account to a greater extent. Z=1 
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6.3.4 Barriers against the Use of Offsite-MMC 
. 
1. 'vite-MMC in your housebuilding projects? Q: What are the barriers to the use of qf 
A five-point rating scale (see Figure 6.8) was used to measure the housebuilders' view 
on the significance of the barriers. More than a third (34%) of the top 100 housebuilders 
responded to this question. The data were also analysed and presented in both the inean 
and inode values (see 5.8.3.4) of the grades on the scale provided by the respondents to 
help clarify the results and verify the analyses. 
Data analysed and presented using the inean values 
The barrier 'higher capital cost' was rated the highest mean (4.4), followed by 'diffiCLI]t I ZI 
to achieve economics of scale' (4.2), 'complex interfacing between systems' (3.9), 
'unable to freeze the design early on' (3.8), 'nature of the UK planning system' (3.5) ZD 
and 'manufacturing capacity' (3.5) (Figure 6.8). With reference to the rating scale used, Z71 
it can be interpreted that any barriers with the score between 3.5 (inclusive) and 4.5 
(exclusive) were rated 'significant' while those with scores between 2.5 (inclusive) to 
3.5 (exclusive) were rated 'neutral'. There is one barrier 'lack of long-term cooperation 
between project team' whose mean is fairly low (2.4). 
Figure 6.8 Barriers to the use of offsite-MMC in the top 100 firms (mean values) 
a) Complex interfacing between systems 
b) Unable to freeze the design early on 
c) Site specifics and constraints and transportation 
d) Higher capital cost 
e) Difficult to achieve economies of scale 
f) Risk averse culture 
g) Client scepticism 
h) Attitudinal barriers due to historic failures 
i) Reluctance to innovation 
j) Skills shortages 
k) Fragmented industry structure 
1) Lack of long-term cooperation between project team 
m) Nature of the UK planning system 
n) Manufacturing capacity 
o) Organisational mechanism unfavourable with OSP 
p) Lack of previous experience with using OSP 
q) Dominant importance of land acquisition in 
housebuilding business 
r) Legal issues 
3.2 
1 4.4 
4.2 
3.1 
-128 
3.0 
33.4 
:l2.4 
3.5 
-'l 3.5 
2.8 
28 
2.7 
2.5 
2345 
Key: I- not significant; 2- somewhat significam 3- neutral; 4- significant; 5- highly significant 
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Data analysed andpresenled using the inode values 
Figure 6.9 presents the mode of the grades on the scale provided by the respondents as 
well as the percentages of those responses. The barrier 'higher capital cost' was the only ZI 
one rated 'highly significant' by 53% of the respondent firms. Barriers 'complex 
interfacing between systems', 'unable to freeze the design early on', 'difficult to 
achieve economies of scale' and 'site specifics and constraints and transportation' were 
rated 'sianificant' by around 40% of the firms. Barriers 'lack of Ion-term cooperation 
between project team' and 'dominant importance of land acquisition in housebuilding 
business' were rated 'not significant' by 30% and 26% ofthe firms respectively (Figure 
6.9). The remaining barriers were mostly rated 'IICLltl-, Il' in al'fecting the housebuilders' 
decision-making. 
Figure 6.9 Barriers to the use of offsite-MMC in the top 100 firms (mocle values) 
a) Complex interfacing between systems 
b) Unable to freeze the design early on 
c) Site specifics and constraints and transportation 
d) Higher capital cost 
e) Difficult to achieve economies of scale 
f) Risk averse culture 
g) Client scepticism 
h) Attitudinal barriers due to historic failures 
i) Reluctance to innovation 
j) Skills shortages 
k) Fragmented industry structure 
1) Lack of long-term cooperation between project team 
m) Nature of the UK planning system 
n) Manufacturing capacity 
o) Organisational mechanism unfavourable with OSP 
p) Lack of previous experience with using OSP 
q) Dominant importance of land acquisition in 
housebuilding business 
r) Legal issues 
OThe most indicated scale of significance 
0 Percentage of these inclicatior 
I 
Percentage of Indications 
0% 20% 40% 60% 80% 100% 
012345 
Key: I- not significam 2- somewhat significant; 3- neutralý 4- significant; 5- highly significant 
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Q: ff taking the housebuilding industry as a whole, which three barriers do you think 
are the most significant against the use (? f'qff, 'vite-MMC? 
For answering this open-ended question the factors listed in the last question provide a 
pool of potential barriers to choose from. The data were analysed in terms of the 
frequency of the claims of the barriers. The most significant barriers were considered to 
be 'higher capital cost' (68%), 'the difficulty in achieving econoinies of scale' (43%), 
'complex interfacing between systems' (290/0), 'the inability to freeze the design early Cý 
011' (29%) and 'the nature of the UK planning system' (25(/(, ) (Figure 6.10). The risk 41 
averse culture, attitudinal barriers, fragmented industry structure, manufacturing 
capacity were also indicated by a few housebuilders (less than 15%). Tile concern,,,, of 
mortgage lenders and insurers with non-traclitional buildings were also raised by a 
number of respondents but of marginal significance. Cý In 
Figure 6.10 Most significant industry-wide barriers against the use of off. site-MMC 
a) Complex interfacing between systems 
b) Unable to freeze the design early on 
c) Site specifics and constraints and transportation 
d) Higher capital cost 
e) Difficult to achieve economies of scale 
f) Risk averse culture 
g) Client scepticism 
h) Attitudinal barriers due to historic failures 
i) Reluctance to innovation 
j) Skills shortages 
k) Fragmented industry structure 
1) Lack of long-term cooperation between project team 
m) Nature of the UK planning system 
n) Manufacturing capacity 
o) Organisational mechanism unfavourable with otfsite 
p) Lack of previous experience with using offsfte 
q) Dominant importance of land acquisition in housebuilding 
business 
r) Legal issues 
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Barriers against the Lise of offsitc-MMC 'n tile top 100 housebuilders were consistent 
with those applying to the industry overall. They were mainly related to technical, 
econornic and process issues. Other factors related to procurenicrit, risk averse cullurc 
and institutional concerns, howcvcr, wcre not considered relevant. 
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6.3.5 Housebuilders' Satisfaction with Construction Methods 
Q. - How sati, ýfied are you with the use qfboth of -MMC and traditional construction 
methods? 
A five-point Likert scale (Figure 6.11) was used to measure the housebuilders' 
satisfaction with the use of both offsite-MMC and traditional construction methods. The 
housebuilders were generally satisfied with their own, in-house, traditional construction 
methods (82%) (Figure 6.11). They were also fairly satisfied with tile performance of 
the overall industry in traditional building (59%). However, a significant number of 
these top housebuilders were not satisfied with the perfon-nance of of'I'Site-MMC, both 
within then- own organisations Q1 %) and in the overall industry (47 %). There was also 
a large number of respondents that had a neutral view on this question (41 %& 44%). 
None of the respondents were fully satisfied with offsite-MMC. The comparison 
between responses from the companies revealed that the SnMllCI- hOUsebuilders were 
less satisfied with the offsite-MMC applications. An analysis of the housebuilders' 
comments with regard to their satisfaction on both the questionnaire and during the 
interviews revealed a differential understanding of off. site-MMC applications. A few 
respondents claimed that off. site-MMC never lives tip to expectations or perhaps 
expectations are too high. The perceived higher first costs and the lack of guidance on 
the site integration of offisite-NINIC were clearly concerning the firms. ThOLIgh the 
majority of the finns would see a lot more use of offisite-NINIC, they presented a 
prudent attitude to taking-up such technologies. 
Figure 6.11 Housebuilders' attitudes to the use of construction methods 
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6.3.6 Procurement and Integration of'Offsite-MMC 
Q: Mich is your preferred inethod. for procuring? 
Nearly a third (29%) of the sample housebuilders responded to this question. The 
percentages of responses were presented, rather than the percentaues of respondents 
since this is a multiple choice question and, thus, some respondents did not select any 
procurement types for some elements but provided more than one type for the others. 
Pie charts were used for illustrating the results. The housebuilders appeared to prefer 
fixed price/lump sum (41%) and in-house management (38%) as procurement methods 
for project delivery. The usage of strategic partnering alliances (9%), project partnering 
(7%) and design and build (5%), though highly publicly promoted recently, were fairly 
rare amongst the top housebtulders (Figure 6.12). 
Figure 6.12 The top 100 housebuilders' preferred methods for geiieral procuring 
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Detailed analysis concentrating on offsite-MMC elements alone showed that more than 
half (57%) of the respondents preferred to use a fixed pricc/lump slim method, rather 
than strategic partnering alliance (10'k), project partnering (13(Y(, ), in-house 
management (13%) or design and build (7(Y(, ) for procurement (Figure 6.13). LI 
Figure 6.13 The top 100 housebuilders' preferred methods for procuring offs'ite 
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Q: At which stage is offsite-MMC taken into consideration during your housebuilding 
projects? 
Nearly a third (31 %) of the sample housebuilders responded to this question. The vast 
majority (71%) of the respondents took offsite-MMC into consideration from the basic 
house type design stage. Nearly a quarter (23%) took then- consideration from the stage 
of ouline planning application. However, a considerable number of responding firins 
left the incorporation of offsite-MMC to fairly late stages, such as detailed planning 
application (23%) and pre-construction (6%) (Figure 6.14). Several respondents ticked 
more than one box, explaining that they considered different system types at different 
stages under different project c irc Li in stances. Some also suggested that the integration of 
offsite-MMC was an on-going process for them. 
Figure 6.14 Stages in which offsite-MMC is taken into consideration 
Basic house type design 
Outline planning application 
Detailed planning application 
Pre-construction 
Other responses 
Most respondents explained that the early incorporation of'off,, ite-MMC into their basic 
house design inainly applied to volumetric systems, modular building and some more 
advanced panellised systems. However, off. site components, SLib-assenibly and some 
open panellised systems were often considered at later stages. 
6.3.7 Strategies for Offsite-NIMC Applications Used by the Housebuilders 
Q: What strategies has your company developed in order to remove flie Inain barriers 
in your housebuilding projects? 
More than a quarter (26%) ofthe sample firins responded to this open quesnon. In total, 
54 strategies were identified and they were clustered to four approaches, namely, 
process, procurement, learning & benchmarking, mid training (Table 6.2). 
152 
0% 20% 40% 60% 80% 100% 
Percentage of Respondents 
Chapter 6- Housebuilders Perspectives & Practices of Using Offshe 
Table 6.2 Housebuilders' strategies in use for offsite-MMC applications 
Category Representative examples of strategies 
Process 0 Involve manufacturers and suppliers early on 
" Adopt an approach of taking advantages of both offshe production and onsite 
work 
" Increase design standardisation to achieve economies of scale 
" Assess project sites at the pre-planning stage 
" Build up offsite-MMC database with comparison analysis of different systems 
" Plan and schedule deliveries of offsite-MMC elements 
Procurement Set supply chain partnering and improve relationship with suppliers 
Set partnering with offsite-MMC advising organisations 
Manage risks by reducing dependence on supply 
Improve the communication with the supply chain 
Leaming & Adopt internal benchmarking to encourage learning from projects 
benchmarking 0 Promote a learning culture 
0 Keep reviewing offsite-MMC technologies 
0 Encourage research and facilitate understanding 
0 Promote innovative exploration of trials to assess benefits and barriers 
Training 0 Educate and train staff and organise internal seminars/courses on using offsite 
0 Train own labour to seek long-term benefit and maintain a low work turnover 
Factors of market-focusing, peoples' preconceptions, planning and building regulations 
and finance were also identified, but less frequently. It is worth noting that the four 
main areas of strategies (Table 6.2) were predominantly related to the stakeholders who 
are directly involved in the project delivery process (e. g. housebuilders themselves, 
designers, manufacturers and suppliers). However, the stakeholders who are not directly 
involved in the project delivery (e. g. the public, mortgage lenders, insurers, planning 
authorities, building controls) were much less mentioned. This finding suggests that, in 
order to remove the barriers to the use of offsite, the housebuilders had used strategies 
within their direct supply chains, but overlooked the impacts of stakeholders in the 
wider context of housing supply on taking up such technologies. 
Some of the respondents highlighted the importance of considering the impact of 'the 
speed of build' on 'the rate of sales' as a potential benefit of offsite-MMC. methods. A 
good command of time certainty for housebuilding was advocated by many responding 
firms. It is worth noting that this belief conflicts with one of the fundamental 
considerations 'speed of construction' of using offsite-MMC in the social housing 
sector. Though some firms had tried to take on board offsite-MMC early on and involve 
manufacturers and suppliers from the conceptual design stages, their efforts seemed to 
have been hampered by a lack of guidance and cooperation with their supply chain. 
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A few housebuilders had already put offsite-MMC on the agenda of their organisational 
strategic management to fully realise the potential benefits from offsite production. 
Benchmarking exercises and training on offsite-MMC had been adopted in some firms 
to improve performance and customer satisfaction. However, the strategies of learning, 
benchmarking and training had been largely restricted within the housebuilding firms 
themselves. Some firms were promoting sharing of information with their long-term 
partners but there were few mechanisms for diffusing good practices for private 
housebuilders in particular. The approach of optimising the combined use offsite-MMC 
and onsite production has also been taken by some housebuilders. This approach 
favours the take-up of incremental, rather than radical, innovations. 
Q: Does your company consider offsite-MMC differently for individual houses and 
flatslapartments? If so, how? 
More than a quarter (27%) of the sample firms responded to this question. The majority 
of the respondent housebuilders (74%) considered offsite-MMC differently for 
individual houses and flats, from the aspects of applicability, finance, speed, business 
model, people's preconception, volume and flexibility. They claimed that offsite-MMC 
was more applicable to certain particular building types and special project 
circumstances. 
6.3.8 Strategies for Increasing the Take-up of Offsite-NMC in the Industry 
Q: Mat strategies would you recommend for increasing the take-up of offsite-MMC 
applications in the housebuilding industry? 
Nearly two thirds (64%) of the respondent housebuilders thought the industry needs to 
increase the take-up of offsite-MMC (6.3.2). A vast majority (76%) of these 
respondents recommended strategies for such an increased take-up. There were in total 
49 strategies provided, which, together with the considerations/reasons provided in the 
interviews, were taken for analysis. They were coded and categorised, from which the 
following themes were developed. 
1) Housebuilders'perceptions should be challenged 
The responses indicated that there are significant perceptions against the take-up of 
offsite-MMC among housebuilders. Smaller housebuilders were even more reluctant. It 
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was recommended that offsite-NIMC techniques need to be tested and demonstrated as 
providing as good or better performance than traditional methods. Providing a UK 
central site with practical examples of using offsite-MMC techniques should be very 
helpful. Institutions in the area of insurance and finance were required to develop a 
consistent and objective approach to the use of offsite techniques. 
2) Improved procurement is the key to achieving long-term success 
Many housebuilders said that partnering had not been fully understood by the industry. 
Cooperation between housebuilders and manufacturers/suppliers was weak in many 
cases. Many suggested forming Strategic Partnering Alliances (SPA). Manufacturers 
and suppliers should be integrated into the decision-making process as early as possible 
and cooperation between them should be improved. 
3) Better cost data and more competitive costing are required 
Perceived higher capital cost was identified as the most significant barrier against the 
use of offsite-MMC. It was recommended that better cost data and more competitive 
costing should be obtained and an approach 'vale for money, rather than 'cost focus', 
should be demonstrated. Many also suggested increasing design standardisation and 
addressing the issue of economies of scale. 
4) Planning needs to be more flexible and changing building regulations must be 
acknowledged 
The responses reveal that the slow process of obtaining planning permission and 
changing building regulations are inhibiting the use of offsite-MMC. It was suggested 
that the planning system needs to be more flexible to consider offsite-MMC teclmiques. 
Dialogues between housebuilders; and the related authorities must be established. 
Housebuilders, should keep compliance with enhanced building regulations and 
designers should not sacrifice design flexibility when specifying the use of offsite 
techniques. 
5) Political levers will encourage the use of offsite-MMC 
A significant number of respondents indicated that the Government should subsidise the 
use of offsite-MMC. Tax deductions should be awarded to permit the cost of the 
"learning curve" in housebuilding organisations to be recovered. Also, it was suggested 
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-- that the supply of more traditional building choices should be reasonably restricted to 
provide a more favourable context for the use of offsite-MMC. 
6) Guidance on the decision-making process and practical applications should help 
increase the take-up of offsite-MMC 
Many housebuilders indicated that the use of offsite techniques appears more applicable 
for particular building types and/or house elements. Project circumstances should also 
be taken into consideration. However, interviews with large firms revealed an apparent 
lack of understanding on how to select appropriate types of offsite technologies for 
particular schemes. Most companies were still making their decisions on financial 
criteria or on the heuristic decisions of a few key personnel. Although decision-making 
tools like 'cost estimate workbooks' and 'best practice scoring sheets' had been used in 
some firms, more transparent robust methods were recognised as critical by all 
interviewees. 
Concerns with skills shortages and mortgageability were also indicated but no detailed 
information was provided. All these strategies required an input from the whole supply 
chain, covering the housebuilders, designers, manufacturers and suppliers, institutions 
and the Govemment. 
6.4 Summarising the Main Findings of the Survey 
Main fmdings of the survey are sununarised as follows: 
The current level of usage of offsite-MMC in housebuilding is low. Generally, the 
extent of using offsite-MMC for flats/apartments is slightly higher than for 
individual houses. Some highly documented offsite-MMC techniques are actually 
only applied to a very limited extent. 
Nearly two thirds (64%) of the housebuilders indicated that the industry needs to 
increase the take-up of offsite-MMC applications, 21% were not sure and only 15% 
believed that no increase was necessary. 
58% of housebuilders were planning to increase their use of offsite-MMC (by 
volume) in the next three years. The remaining firms (42%) indicated that they 
planned to maintain their current levels. 
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9- Areas of greatest potential for offsite-MMC applications were kitchen and bathroom ý 
(44%), external walls (41%), timber frame (37%) and roofs (33%). 
The most important drivers for using offsite-MMC in the industry were addressing 
skills shortages (61%), then ensuring time and cost certainty (54%), then achieving 
high quality (50%) and then minimising onsite duration (43%). 
The most significant barriers against the use of offsite-MMC in the industry were 
higher capital cost (68%), difficult to achieve economies of scale (43%), complex 
interfacing between systems (29%), unable to freeze the design early on (29%) and 
the nature of the UK planning system (25%). 
* The housebuilders were generally very satisfied with their own, in-house, traditional 
construction methods (72%), and fairly satisfied with the performance of the overall 
industry in traditional building (49%). However, a significant number of these top 
housebuilders were not satisfied with the performance of offsite-MMC, both within 
their own organisations (31%) and in the overall industry (47%). A large number of 
respondents had a neutral magnitude of satisfaction (41% & 44%). Ibis perception 
is seen as a major barrier to a significant increase in offsite for this sector. 
Fixed price/lump sum and in-house management dominated the procurement 
methods (79% together) for the top 100 housebuilders. 71% of the respondents took 
offsite-MMC into consideration from the basic house type design stage. 
9 Strategies that the firms had developed predominantly related to process, 
procurement, learning & benchmarking,. and training issues. 
Industry-wide strategies that the firms recommended for increasing the take-up of 
offsite-NMC mainly sought to address peoples' perceptions, procurement, costing, 
planning and building regulations, political levers, the decision-making process and 
practical applications. 
Therefore, the findings of this survey have answered the first and second research 
questions (1.3.1) by having provided the perspective of housebuilders on drivers and 
barriers for offshe and identified their attitudes towards the current and potential use of 
such technologies. It has also, in part, addressed the third research question by having 
revealed housebuilders' strategies and recommendations for removing the ýarriers for 
an increased take-up of offsite. This provides a knowledge basis for the presentation of 
the case study research (Chapter 7). 
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6.5 - Supplementary Work to the Main Studies z- -. -. 
The design of the supplementary work to the main studies has been explained in Section 
5.7. The supplementary work included: 1) the general industry and academic activities 
for the study, and 2) the survey of large insurers, lenders and warranty providers. 
The data analyses and results of the supplementary work are presented in Appendix B 
rather than in the main part of the thesis. This aimed to provide the reader with a more 
logical flow of the arguments of the three main study components, i. e. the housebuilder 
survey (Chapter 6), the case study research (Chapter 7) and BSS validations (Chapter 8). 
However, it does not imply that the supplementary work is less important than the other 
components of the study. Instead, they made considerable contributions to the 
achievement of the research objectives (1.3.2) and answering the research questions 
(1.3.1). The general industry and academic activities for the study are tabulated in 
Appendix B chronologically to provide the reader with a clear account of the work. The 
key contributions of the activities to the thesis are presented and codified, from which a 
number of themes of contribution are developed. This includes updating the 
researcher's knowledge, improving communication, obtaining comments on the study 
and interim outcomes, maintaining a rapport with the industry, capturing data, and 
exploiting opýortunities for further study. The arguments developed from these 
activities are presented under the headings of the industry's perspective, drivers and 
barriers, and strategies and recommendations in respect to the use of offsite. The 
analysis and results of the survey of large insurers, lenders and warranty providers are 
presented under the headings used in the survey instruments. This includes their 
attitudes, encouraging and inhibiting factors for endorsing offsite housing, and 
strategies and recommendations in relation to the take-up of offsite. The findings of the 
perspective of the insurance industry and financial market help explain housebuilders' 
perspectives and practices in connection to the use of offsite. 'Me findings of these 
supplementary work (Appendix B), together, widened the context within which the 
three main study components of the research were carried out, but also provided an 
insight of some related industry stakeholders on the utilisation of offsite technologies. 
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6.6 Summary --- 
This chapter has answered the first and second research questions (1.3.1) by having 
provided the perspective of housebuilders on drivers and barriers for offshe and 
identified their attitudes towards the current and potential use of such technologies. This 
has enabled the achievement of Objective 2 and 3. The chapter has also, in part, 
addressed the third research question by having revealed housebuilders' strategies and 
recommendations for optimising the use of offsite. This has therefore, in part, achieved 
Objective 4 (1.3-2). These claims are largely based on reporting the survey of the top 
100 firms of the use of offsite-MMC. The current uptake of offsite in UK housing 
construction is relatively low amongst leading housebuilders. This situation is likely to 
improve, albeit that growth in offsite may be limited in the foreseeable future unless 
additional 'external' measures are taken. Considerable work in this sector is needed to 
achieve buildoffsite's targets for a growth of 100% by 2010 and ten-fold by 2020. A 
combination of cost, technical and process barriers is clearly inhibiting the uptake of 
offsite. Leading housebuilding firms have accordingly developed strategies surrounding 
the aspects of process, procurement, learning & benchmarking, and training. The 
chapter has also summarised the supplementary work which included the general 
industry and academic activities for the study, and the survey of large 
insurers/lenders/warranty providers (detailed in Appendix B). All results, collectively, 
provided the study with a wider context. The housebuilder survey has produced a 
framework of strategies by which housebuilding organisations can optimise the use of 
offsite technologies in the future. The framework presents a case for investigating 
offsite practices and strategies within the organisational context. This is addressed in the 
next chapter. 
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7 CASE STUDY RESEARCH 
7.1 Introduction 
The preceding chapter (6) has presented the overall picture of the perspectives and 
practices of housebuilders on the use of offsite. The findings (summarised in 6.4), 
coupled with the review of existing knowledge (Chapter 2,3 and 4), called for an in- 
depth investigation of offsite utilisation within the organisational context. The 
methodology chapter (5) has justified the selection of the case for study (5.5.4) and 
explained the aim and objectives threefold: to contextualise the results from the 
housebuilder survey, to investigate the decision-making for using offsite and to provide 
a strategy for optimising the use of offsite (see 5.5). 'Ibis chapter presents the analyses 
and results of the case study, which are organised in three levels of study: group, 
subsidiary and project. This is consistent with the case study research design (see 5.5), 
and aims to provide the reader with a logical flow of argument-building. Though all 
levels of study cover drivers, barriers and strategies, the group study includes a 
significant part of the general business context and strategies. Decision-making is 
examined in both the group and subsidiary study, whilst the project study investigates 
the site integration of offsite. A chronological overview of the data collection for the 
case study is provided in Appendix C. Results show that the company took a wide range 
of factors into account for using offsite but the principle was to increase business 
efficiency and manage risks, thus increasing profitability. The chapter also investigates 
the historical and current development of the company and examines its general 
business context, aspirations and strategies, on which the decision on the use of offsite 
is based. It then provides a high-level checklist for optimising the use of offsite, which 
is aligned with the general four-stage business model and five basic milestone reviews 
of the company. The chapter concludes by presenting the need for a decision support 
tool for build system selection to achieve a structured, transparent and robust approach 
for decision-making in the future. 
7.2 Case Study Company Profile 
Countryside Properties was selected from the companies who participated in the 
housebuilder survey (Chapter 6). The selection of the company, a subsidiary from the 
company, and two projects from the subsidiary, has been explained in Section 5.5.4. 
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The group office is in Brentwood, Essex and the company operates in London and the 
South East, the East, South West and North West of England. As its brochure 
'Delivering sustainable communities' (Countryside, 2004b: 2) says, 
"Countryside Properties is a specialist developer recognised in particular for the delivery of 
sustainable communities, and urban and rural regeneration. We are a leader in creating 
sustainable communities by not just complying with the Government's development 
policies, but by consistently setting new industry standards. " 
The Group employs approximately 850 people and has an annual turnover in excess of 
E400m (Table 7.1). Its annual housing unit completions have been around 2000 (Figure 
7.1). According to its Annual Report and Accounts 2005, its landholdings with planning 
pennission are for 5700 new homes in 2005, slightly increased from 5650 in 2004 and 
5400 in 2003. 
Table 7.1 Countryside profile: turnover and unit completions (1993-2005) 
1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 
Turnover 77 130.1 131.4 134.8 176 180.9 244 259 386 456 418.6 368.4 409.1 (; EM) 
Unit 1295 1506 2201 1637 1723 1782 2105 2173 2293 1854 1753 1911 
completions 
Sources: Countryside Properties Annual Report and Accounts 2004 (Countryside, 2004a), the Private 
Housebuilding Annual 2003 (Wellings, 2003) and the magazine Housebuilder supplement (2005b). 
Figure 7.1 Countryside profile: turnover and unit completions (1993-2005) 
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7.3 Data Analysis & Results at the Group Level 
The methodology chapter has explained the objectives of the case study at the group 
level (5.5.2 and Table 5.6) and the considerations for choosing the case company 
(5.5.4.2). The study at the group level lasted for one and half years and involved the use 
of a wide range of research methods (see 5.5.5 and Table 5.7). The data used for 
analysis included the completed questionnaires, interview transcripts and notes, the 
observation notes of meetings, workshop transcripts and notes, meeting minutes and 
company documents. Ibis section presents the data analysis and results except for the 
part of the development of the BSS tool. The tool is presented in Chapter 8, together 
with its validation, in order to provide the reader with a more logical presentation of the 
tool. The housebuilder survey chapter (6) has revealed that housebuilders do not use 
offsite for the sake of using offsite, but aspire to improve their business efficiency and 
long-term profitability. Offsite is regarded as an approach to achieving that. Therefore, 
the presentation of the results on the use of offsite in Countryside can not be 
disconnected from its general business context. It is very much the general business 
environment that underlies the decision-making activities for the use of offsite. For that 
reason, the presentation of this section is organised to include, in sequence, the 
company's historical development and current vision and strategy, its recent usage of 
offsite and the potential trend, the drivers and the barriers, the strategies and the, 
learning points. All these, together, lead to the presentation of the high-level checklist 
for optimising the use of offsite and the need for a decision support tool for BSS. 
7.3.1 Participants in the Group Case Study 
A large number of key staff of the company, e. g. departmental managers, participated in 
the study (Table 5.7). Some of them were only accessed once for capturing some data. 
A few were interviewed and/or surveyed several times for different research purposes. 
Several key participants were met on. a regular basis for monitoring the action research. 
The approach of combining different informants for different research purposes enabled 
the collection of 'rich' data and the exploration of insights into the business and the 
participants' thinking. This enhanced the 'validity' and 'reliability' of data. The profiles 
and roles of the key participants are provided in Table 7.2. 
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Table 7.2 Profile and role of key participants in the study at the group level I 
Estimator (N) 
JS Research 
Manager 
EB Process 
AD 
selection Attending workshops for developing the BSS tool, 
Strategic Market Research Providing info/data on customer satisfaction 
measurement 
Process mapping/modelling, working on Providing info on the process rnaps. 
Sustainability issues; 
Guide for 
Manager coping with the risks 
WB Structural External COtISLJItZIrrCy cc)mpany 
* Names ahbieviated for anonyinity. 
the BSS 
Discussing over the use of MMC in a wide context, 
such as acceptance by regulatory/statutory parties. 
Providing riformation/advice on build systems, 
Attendiria workshoos for develoj)mq the BSS tool 
7.3.2 Company History and the Cherry's Buyout' 
"The Group has, during the past few years, moved from being predominantly a traditional 
housebuilder with commercial property expertise to being a specialist developer skilled in 
the creation of large sustainable mixed-use, mixed-tenure communities, mixed-tenure estate 
regeneration, and bespoke development solutions. " 
(Source: viwvi,. countryside-I)r(ýI)erties. com 13110512006]) 
This section tabulates the historical development of Couutryside Properties (Table 7.3). 
It also summarises the main strategies of the company for sustalning and developing its 
business. This provides the reader with the background that, in part, determines 
Countryside's decision- making activities and current strategic coin ni itinent to an 
increased take-tip of off'site technologies. The historical developinent of Countryside 
demonstrates its strength in dealing with the changing environment. This has been 4: 1 
suminarised in its website: 
"COLintryside Properties has been adept at anticipating evolving Government Planning 
Policy and positioning the bLISmess to respond rapidly to the changing environment it faces. 
With the increasing emphasis being placed on sustainable high density rnixed-use and 
mixed-tenure development and in particular urban and rural regeneration ... " (Source: vi, ww. couizt)ýy. vide-I)i-opet-tit, s. (, oin 13110512006]) 
1 The Cherry family acquired Countryside Properties PLC private in Feb 2005. For details see Table 7.3 
and the articles in Building on 19 Nov 2004 (Monaghan, 2004) and 29 Jan 2005 (Monaghan, 2005). 
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Position Role in Countryside Role in the study 
SR Change Employed mid-04 to set a strategy for Main contact for the study in Countryside; 
Agent change for operational improvement, Organising access to other participants for the 
agree policies and areas to focus on, researcher; 
determine and implement plans: Leading Having regular meetings with the researcher; 
the development of GfD, A member of the Monitoring/reviewing the study from Countryside's 
Steerinq Committee/the MDs' Forum. side. 
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A few observations were also made in relation to the company's historical development, 
which help explain the organisational context within which the take-up of offsite had 
been recently encouraged. 
1. The external environment, Government policy changes in particular, has 
substantially affected the way in which Countryside had developed. 
2. Countryside's history suggests that grasping external opportunities is of great 
importance for a housebuilder to sustain and grow. 
3. Its history highlights the importance to coping with adversity by managing 
diversity, e. g. combining developing and contracting, mixing private and social 
housing. 
4. The company has always aligned its decision-making and strategy-setting with 
relevant Government policies. 
7.3.3 Current Business Context and Aspirations 
The company was challenged to change by several contextual factors. These challenges 
were transformed into a few business aspirations of the company to improve its business 
efficiency. Offsite has become one of the approaches taken by the company currently to 
achieve its business goal. The contextual factors are summarised into internal and 
external aspects: 
Internal context 
Historically, Countryside had completed a number of regeneration projects. These 
single developments were different from each other and offered fewer opportunities 
for learning. However, the nature of their projects was getting complicated, moving 
away from predominant low-density housing to a combination of houses and 
apartments. 
* 'Mere had been varying degrees of success in their completed projects, some very 
successful whilst others containing 'terrible mistakes'. 
The performance, in particular financially, of the subsidiaries also . varied, so did the 
extent of their usage of offsite technologies. One subsidiary had made tremendous 
growth, achieved considerable success in the market, and gained an image of 
innovation. Its good practices were surnmarised by the Change Agent (SR) as: that 
the risks were embodied in relation to the working team, and mitigated through 
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good cost controls; that a good internal database was used; and that the subsidiary 
had learnt from its experiences and the learning was documented for continuous 
improvement. 
This subsidiary had experimented with offsite technologies and the procurement 
route of in-house build. The group aspired to make the information available to, and 
to benchmark the good practices, among the whole group. 
Countryside had been applying its 'Control Efficiency Plan. A set of Key 
Performance Indicators (KPIs) were used for the group's benchmarking exercise, 
with the objectives to introduce more standardised design and to increase the 
repetition of designs. The project SC4 was taken as a good model for benchmarking. 
e Though most participants were open to the use of offsite, risk-averse attitudes 
existed among many senior managers of the company. 
External context 
The 'extreme perceptions' of and interference from planning authorities added risks 
to the business of housebuilding. The Change Agent claimed that planning 
authorities were very critical with what housing would look like and the materials 
that housing were made from. This imposed significant risks on their business since 
the change of the elevation of housing was claimed as not easy. 
* The lack of information on and control of manufacturing created risks as well. 
Several 'painful experiences' with correcting defects in some projects caused 
considerable extra costs to the company. 
Generally speaking, housebuilders' business is benefit-driven. The selection of 
construction methods and techniques should prove that "the money is spent 
efficiently and gains return". 
The importance of distinguishing the business models for private and social housing 
was highlighted for the use of offsite. Basically, in social housing schemes, the 
company was led by housing associations, whilst in private developments, the 
business focus was to predict and generate overall benefits. 
Skills shortages appeared to be one of the main concerns of Countryside over its 
decision-making. It was claimed that there has been very little Government and 
industry investment on training since the last decade, which has contributed to the 
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current significant shortage of skilled carpenters, bricklayers, etc. The company had 
been challenged to find ways to mitigate skills problems. 
Consequently, to address the challenges the following company-wide business 
aspirations were developed: 
There was a need for identifying the risks associated with innovation and providing 
technical mechanisms for reducing the risks. 
It was crucial to reduce the construction costs to achieve cheap construction. 
The company desired to reduce defects and to enhance the company image of 
quality provision. 
9 The company had been pursuing the repeatability of designs. 
The company realised that it is very useful to promote learning from experience and 
to identify areas for continuous improvement. 
The company aspired to not only benchmark good practices but also make sure to 
reduce risks at the manufacturing stage. An approach to check the whole process 
was to be produced. 
Countryside planned, through in-depth project case studies, to reveal how the 
methods of construction had been cooperated in a heuristic approach, and to 
accumulate data to develop a database to help with decision-making for using offsite 
in a more scientific way. 'Ibis was important to get the strategic level of the 
company, the Managing Directors (MDs), to buy into the concept. 
The company had recently gone through considerable changes in terms of its group 
management systems. This involved changing the way in which the workforce 
worked and interacted with each other. As part of that, there needed to be greater 
collaboration across the group, as the Change Agent explained: "Previously, each of 
the subsidiaries was set up as an individual business adventure. Sometimes they are 
competing directly with each other. 7hey have been given very loose corporate 
governance in terms of the rate of acceptable profitability and the margin". 
The company aspired to produce a set of documents and guidance and a database to 
enable a better, informed decision-making. To achieve this the company had 
investigated their designs, the procurement of their designs, and their knowledge 
management. All of the documents and the database were integrated into the 
corporate document 'Guide for Design'. 
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The company's general business aspiration can be summarised using an extract from the 
'Guide for Design': 
"We believe collaborative working practices and greater focus on improving our project 
briefings and efficiencies, and in particular supply chain management with a view to 
increasing standardisation (of house/flat types and specifications) will lead to reduced build 
costs and customer care issues and more efficient development and construction 
programmes, thereby improving our competitiveness and financial returns. Central to these 
objectives is our desire to ensure that the Group does not lose its differentiation in the eyes 
of our key stakeholders. " 
7.3.4 Vision and Strategy 
"Countryside Properties' vision aims to bring the highest quality of life to everyone by 
putting in place all the elements that help to make integrated, vibrant and attractive places in 
which to live. " (Countryside's brochure 'Delivering sustainable communities', 2004b: 2) 
Delivering sustainable communities 
Countryside's strategy strongly supports the Government's four principles of sustainable 
development: developing high and stable levels of economic growth and employment, 
enabling social progress which recognises the needs of stakeholders, providing effective 
protection of the environment, and encouraging the prudent use of natural resources 
(www. countryside-properties. corri, [31/05/2006]). 
The company had been recognised for its. social responsibility achievements. It received 
more than 35 awards in 2004, including being named Housebuilder of the Year at the 
Building Awards and Best Medium Sized Housebuilder at the Mat House? Awards. 
The company was also ranked first in WWF/Insight Investment Sustainability Survey of 
the largest UK housebuilders (Countryside, 2004a: 1). The company had been active in 
delivering sustainable development and it was involved in the following initiatives and 
memberships which are looking to further progress construction excellence 
(Environment, Social and Ethical (ESE) Review, Countryside, 2004c: 14): 
"Ibe Group has Executive Membership of the Housing Forum. 
The company is part of the ODPM's Building Regulations Advisory Committee 
Working Party on future revisions to Part M of the Building Regulations. 
9 The company is member of the EEDA Construction Task Group. 
e The company is part of Thurrock Council's Sustainable Construction Group 
which is formulating future policy for the local authority". 
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Aligning business strategy with Government policies 
The company had, through its history, demonstrated a responsiveness to the changes of 
Government policies on housing and the use of technologies (see Table 7.15). There 
was a strategic business recognition of external environment issues and challenges in 
the company. One subsidiary specifically operated in London and Thames Gateway that 
was highlighted by ODPM as one of the major areas of growth. Another subsidiary 
focused on the provision of social housing. This was claimed as a 'recession-proof 
strategy' of the company (SR). 
Strategic Positioning 
Countryside had effectively positioned its business in the housebuilding market. It was 
stressed that the company was not a relatively big producer of homes, compared to the 
largest ones such as Wimpey who produces nearly 14,000 homes per annurn. The 
company, therefore, endeavoured to simplify its design process and to achieve 
maximum repeatable designs. This business strategy underlay the group's current 
attempts to diffuse the learning from the project SC4 among the whole company. 
Strengthening corporate governance & promoting information sharing 
During the recent years, the company had strengthened its corporate governance and 
promoted information sharing and communication. The company recognised that it, as a 
business, should maintain its independence. In pursuance of that, the company went 
through the process of the Cherry's buyout. Also, the Managing Directors' Forum of the 
company was formed in 2004, which involved the Chief Executive, as the chairman, 
three residential MDs predominantly, and the Strategic Land Buying Division and 
departmental directors occasionally. They recognised that it was crucial to pull people 
together to share experiences and information, and to standardise house designs, in the 
aim to improve business efficiency. The company gained greater understanding of each 
of the subsidiaries through improved communication. Information was structured and 
shared among the whole group. Ibis involved the development of a few databases and 
the use of information technologies, e. g. a group extranet. A culture of 'working parties' 
was also developed, which were used as a mechanism for collaboration and information 
diffusion in an efficient manner. 
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Through 'working parties' representatives from different departments including design, 
planning, development, construction, land buying, sales, etc. meet on a regular basis. 
They may help develop some new policies and documents, e. g. the 'Guide for Design'. 
Working parties were regarded as the way in which the company had got its people buy 
into the improved process and the changes. The Change Agent emphasised that a step 
change for business improvement could not be brought by any single person, either the 
Chairman, the CEO or the Change Agent. It could only be possible if the whole 
workforce think it is a good idea, with the leaders and the Change Agent 'pulling the 
trigger'. Through working parties, people at all levels had the opportunity to input 
information. The working parties focused on peoples' minds and enabled people to 
participate in the design of the future of the company. The company recognised that 
each of the operating divisions had been set up to be competing with each other 
historically. However, as the Sustainability Manager (AD) claimed, through the 
working parties, they would be working more closely and sharing learning more 
collaboratively. Working parties provided a 'vehicle for change'. 
Encouraging in-house build procurement 
The company intended, with appropriate market positioning, to specify what sort of 
buildings to build over the next five years and how to build them. Based on the analysis 
of its business and the potential areas where it could grow and add value, the company 
decided to focus on building things themselves. In-house build procurement was 
proposed for managing risks. Also, the company decided to focus on the superstructure 
and substructure of housing for its in-house build but to outsource the rest to ease risk 
management. 
promoting organisational learning & benchmarking goodpractices 
Furthermore, Countryside had very much promoted its organisational learning and 
benchmarked good practices over the whole group. The Northern Subsidiary had 
recently completed a series of projects which involved the use of offsite construction 
techniques. These projects were financially successful, and designed and managed by its 
in-house teams. The group had assessed the projects and desired to disseminate the 
learning among the group. This had been incorporated into the corporate document 
'Guide for Design'. 
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Procuring external expertise 
Countryside had also recently procured skills from a few external consultants through 
the Change Agent. For delivering a step change for improvement, the Change Agent 
had been leading the programme, with support from internal resources. This, in part, 
explains the commitment of the company to the case study research, from which a 
decision support tool for build system selection was developed. The use of external 
consultants reflected the nature of Countryside's corporate management, i. e. to 
strengthen corporate governance. This use also removed the cost of such external 
consultancy from project-based cost to a one-off group spending. Otherwise, such cost 
would be on a project-by-project basis. Nevertheless, Countryside, as a business, did not 
really have a tradition of using external consultancy. 
7.3.5 The Current Usage of Mite Technologies 
"Countryside strives for continuous improvement in the building process to improve the 
ease and quality of construction and to reduce the environmental impact of its 
developments. We have been using a variety of modem methods of construction for some 
years and are continuing to look at, and where appropriate use, new techniques. These are 
benefiting our customers and the environment by minimising the use of energy, water and 
waste resources and maximising efficiency, whilst reducing construction time and 
improving quality. " ( 'Delivering sustainable communities', Countryside, 2004b: 10) 
An overview of the current usage of offsite technologies in Countryside was identified 
as part of the housebuilder survey (Chapter 6). The Group Technical Manager (AS) 
from Countryside responded to the survey. AS was regarded as most appropriate to 
comment on this enquiry since he was in the role of overseeing the use of technical 
innovations and had been working in the company for over 20 years. In this sense, the 
greliability' of the data was enhanced. Also, he was briefed on the overall case study and 
the questionnaire before he completed the form. The questionnaire survey was regarded 
as the starting point of the case study to which the company was committed. For these 
reasons, the 'validity' of the data was secured. 'Me utilisation of different offsite 
produced house elements of the company is provided in Table 7.4. 
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Table 7.4 Countryside's titilisation of offsite produced elements 
Has your company used the se offsite produced elements? 
Individual houses (Incl. detached, semi- Flats/apartm ents House elements which could be detached, terr aced) 
60 d d ff it 2 pro uce o s e 
Always Mostly Some- Rarely Never Always Mostly Some- Rarely Never times times I 
Precast piles V/ 
Foundation Precast pads 
Other off site-MMC V/ 
Sub- Precast wall 
structure Basement Precast floor 
Offsite M&E plant 
Pre-assembled drainage & 
under-ground services 
Structural steel V/ 
Precast concrete V/ 
Frame Reinforced 
frame 
concrete Pre-assembled 
V/ formwork if in situ 
Timber frame 
Internal skin panels 
External Wall panels Complete wall V/ V/ 
walls panels (both skins) 
Pre-assembled balcony/ parapet V/ 
Block work V/ V/ 
Internal Dry-lining V/ V/ 
walls Panels V/ 
Others V/ 
Ground Floor 
Concrete 
V/ "holocore" 
Floors Concrete beam V/ V/ Upper floors and block 
Timber cassettes V/ 
Other off site-MMC 
Pre-assem bled roof 
Oftsite distribution network V/ 
Services 
Offsite plant room V/ V/ 
Bathroom & Pods 
Toilet Flat pack 
Facilities Pods 
Kitchen 
Flat pack 
Stairs/lift V/ 
Complete modular building * V/ 
Complete modulai building means pre-assembled vo timet, c un ts w uch also form the actual structure and fabric otcu mg. 
Data as provided 1)), AS, the Group Technical Manager, at dic time late 2004. 
The table shows that Countryside had utilised a variety of off'site produced house 
elements, though the usage was at a fairly low level. The* utilisation of offsite was 
investigated further with a focus on build systerns, which is presented in 'Fable 7.5. 
General construction innovations and offisite Manufactured building services and 
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components & sub-assembly, though used in a number of projects, are not included. 
The build systems used by the company included non-volumetric, volumetric and 
modular techniques. The techniques involved the use of all of the main types of 
materials, i. e. block, timber, steel and concrete (Table 7.5). This grouping clarifies the 
offsite usage profile of the company, and helps present the case for developing a 
decision support tool for selecting build systems appropriately. 
Table 7.5 Overview of build systems* recently used in Countryside 
Build system Project 
Non-volumetric, concrete 
Tunnel form concrete Nightingale Estate, Hackney, since 2000 
Concrete flat slab Greenwich Millennium Village (GMV) Phase 2A and 2B, 
since 2001 
Precast concrete structural frame GMV car park constructed 2001; 
Accordia Cambridge, since 2003 
Precast concrete panels Sportcity Phase 4, Manchester, 2004/5,9 and 7 storey; 
Didsbury Point Phase 5, Mannchester, 2005 
Non-volumetric, timber 
Timber frame Sportcity Phasel, Manchester, 2003/4,6-storey apartments; 
Didsbury Point Phase 1-3, Machester; 
St. Mary's Island Chatham, 2003-4,5-storey; 
Papworth, Cambridge, 2004, housing 
Prefabricated roof panels (incl. SIPs) Nightingale Estate, Hackney, since 2000; 
Honeypot Lane. Stock, since 2003; 
Brooklands Avenue, Cambridge, 2004 
Prefabricated wall panels as non- Nightingale Estate, Hackney, since 2000 
loadbearing infill 
Non-volumetric, block 
. 
Thin joint blockwork Chelmer Village Area K, 1990; 
St. Mary's Island Chatham Section 6,2000 
Gypsum block partitions Nightingale Estate, Hackney, since 2000; 
New River Green, Islington, 1999 
Non-volumetric, light gauge steel 
Light gauge steel (onsite fabrication) GMV, since 2003 as structural frame; GMV, since 2001 as 
infill panels 
Honeycomb aluminium cladding panels GMV since 2000 
External wall insulation (EWI) Lisson Green, 2001; 
Parmers Farm, Gt Notley, 2002; 
Mile End Road, London, 2001 
VolumetriclModular 
Bathroom pods Anglia Polytechnic University Student accommodation, 
Chelmsford GRC units, 1996; 
GMV, metal frame units, 2001 
Volumetric (Yorkon) Blairgowrie Court Aberfeldy Estate Site N, London, 2002 
* Original data were provided by the Group Technical Manager in Aug 2004, but categorised for use in this thesis 
7.3.6 Potential Future Use of Offsite Technologies 
Though Countryside's responses to the housebuilder survey suggest a potential increase 
of 10% by volume in the next three years, the case study reveals that there would be a 
substantial increase of the take-up of offsite in the near future. The company currently 
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aspired to disseminate the learning from using offsite in the Northern Subsidiary to the 
other regional offices. However, it was emphasised that the company did not use offsite 
for the sake of using offsite. The use of offsite was just one of the approaches which the 
company were taking to improve their business efficiency and long-term profitability. 
In the company overall, the offsite systems with greatest opportunities would be timber 
frame and PCC panel systems. Complete external wall panels were claimed as offering 
the greatest potential for the use of offsite in the company in the future. Some other 
offsite systems and techniques were also highlighted. They included SEPs wall and roof, 
offsite fabricated services distribution and offsite drainage elements. 
7.3.7 Drivers for Using Offsite 
The drivers for using offsite have been identified from a higher-level of management, 
though many comments were made within specific project contexts. The data were 
analysed in a qualitative manner. Overall speaking, the company had got a very 
complicated agenda for using offsite. The agenda included considerations on time, cost, 
quality, health & safety, sustainability, design and construction processes, supply chain 
management, business model, financial risks, the nature of housing schemes, 
Government planning policy, and the acceptance by the insurance industry and financial 
market. From the analytic process a number of themes were developed, under which the 
drivers for using offsite in the group were presented. 
The company aspired to have control over the speed of construction, i. e. ensuring time 
certainty, through the use of offsite technologies. For private housing developments, it 
was significant to match the speed of build with the rate of sales to reduce market risks. 
The company had some negative experiences that the housing market changed when the 
construction was completed. Therefore, the company desired to improve time 
predictability through the use of offsite. Within the current housebuilding context 
(7.3.3), the company generally aspired for a quick build progranune, i. e. minimising 
onsite duration. This became more significant for building apaitments than for 
individual houses, for urban regeneration schemes than for suburban developments, arid 
for social housing schemes than for private developments. In this regard, time factors 
were highly associated with other factors such as sustainability, business models, 
financial risks and Government policy. 
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Cost -was claimed as highly associated with time. The company apparently wanted to - 
ensure cost certainty, in order to reduce financial risks. The Group Risk Manager 
claimed that there were still considerable cost variations within the company's business. 
The increase from land price to budget price was normally around 25%, which meant 
that the business was risky and benefits were not yet fully realised. The company 
recognised that risks must be understood early on and the use of offsite would improve 
risk certainty. It was regarded as important to balance short-term gains with long-term 
profitability. The business should try to avoid latent defects and produce a reliable 
forecast of money for maintenance. High risks and significant cost variations also 
caused problems for financial reporting. The use of offsite was expected to be able to 
help provide the company with a 'true' financial report for the potential benefit of 
ensuring cost certainty. 
It was claimed that moving work from site to factory also movedfinancial risksfrom the 
company to the manufacturers, suppliers andlor subcontractors. For that several 
reasons were provided, which included that the company did not need to pay in advance 
when offsite products were in fabrication, that the company did not need much cash 
flow when projects started, and that site prelims were normally managed by 
subcontractors themselves. 
In terms of quality, achieving high quality was highlighted, but the company appeared 
to be less concerned with the lifecycle of housing, i. e. the period after the first two years 
from completion. Improving customer satisfaction was emphasised. Health & safety, 
sustainability and building regulations were claimed as compulsory factors of 
consideration. Countryside took its responsibility for sustainable development seriously, 
and demonstrated a clear appreciation of the external environment which underlay its 
sustainable driver by highlighting: 
"Government drive to reduce energy emissions by 60% by 2050 
Housing Corporation's requirement for an 'Ecohomes' rating of 'Very Good' by 
2006 
Increased use of sustainability checklists by planning authorities in assessing 
planning applications 
Ever stringent building regulations" 
(source: www. countryside-properties. con; [311051061) 
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Simplifying the construction process was another driving force for using offsite. -The use 
of prefabricated balconies was given as an example to justify the construction process 
driver. The use of prefabricated balconies removed the balcony fabrication from site to 
factory, got rid of the trade scaffolding early, which, in return, improved heath & safety 
and shortened onsite duration. The company's current aspiration for the in-house build 
procurement route also encouraged the take-up of offsite. 
The need to address skills shortages was also emphasised. The business model of the 
company had a substantial impact on the labour issue. This was explained by the 
Change Agent within the context of the Northern Subsidiary, "The Northern Subsidiary 
acts as a construction manager. Labour to them is an important resource. The 
subsidiary has two basic principles: to make the best use of labour resources and to 
match the speed of construction with the rate of sales. " The use of offsite technologies, 
the PCC panel system and timber frame in particular, helped address skills shortages. 
Also, the company was strengthening its corporate governance and improving 
organisational learning and information sharing (7.3.3). Iberefore, the company 
wanted to benchmark the good practices of the Northern Subsidiary to the other 
subsidiaries to make profits. In this regard, the success obtained from using offsite of 
past projects, the Sportcity and the Didsbury in this case, encouraged the further take-up 
of such technologies. In this approach, design lead-in time would be reduced and risks 
eliminated for any future use of such technologies. Furthermore, the company wanted to 
develop some offsite systems and techniques as generic solutions, the Buchan's PCC 
panels in the case of the Northern Subsidiary, and convince planners early on that MMC 
can offer flexibility and variety of appearance. 
To sum up, the company was not driven by any single factor for increasing the take-up 
of offsite, but took them into account together. Nevertheless, the principle was to 
increase efficiency and manage risks and, thus, to increase profitability through the use 
of offifte. 
7.3.8 Barriers against the Use of Offsite 
Despite the general positive environment in Countryside for taking up offsite, a few 
factors were inhibiting the achievement of an optimised use of offsite technologies. 
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Employees' perceptions on the use of offsite were regarded as the main barrier against 
the use of offsite technologies. Negative experiences in some projects clearly affected 
peoples' perceptions of offsite. The company wanted the other subsidiaries to learn and, 
thus, to benefit from the good practices of the Northern one, but the geographically 
fragmented structure of the regional offices was constraining the learning. Also, in 
many cases, the constraint on learning was due to a failure to learn. 
The real and/or perceived commercial risks associated with the use of offsite were also 
inhibiting its take-up. One reason for this was suggested that there was normally a 'lick 
sheet for traditional methods" in which value is clearly specified and pre-agreed by the 
company's financiers/funders such as banks. It was claimed that the financiers/funders 
were likely to resist the use of offsite since they did not have the right information to 
assess the value. Another reason was that the cash flow in the case of using offsite was 
different from cases of using traditional methods. The early involvement of 
manufacturers and suppliers and the early manufacturing of systems caused changes to 
the pay chain, which might be resisted by the financiers/funders. Furthermore, logistics 
were concerning financiers/funders since offsite manufacturing generally imposes more 
requirements/constraints on logistics than traditional methods do. 
There was also a lack of rational, proper balance of different factors of consideration 
for using offsite, such as a balance between better quality, quicker programme, cheaper 
cost and better customer satisfaction. This barrier helped justify the work on BSS which 
provided a balanced evaluation of offsite technologies (see Chapter 8). 
7.3.9 Strategies and Learning Points 
A number of strategies and learning points had been developed from the recent 
experiences of the company. They are presented as follows under the headings emerged 
from the analysis. * 
Encourage organisational learning and information sharing 
The company realised that they were even creating a barrier in some projects by using 
offsite, since the proper procedures for using offsite had not been rigorously pursued. 
Against this, the company proposed to learn from experiences by understanding the 
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potential benefits from using offsite, analysing their actual implementation, and seeking 
possible improvements. 
The group aspired to "copy the good practices, particularly the panel system used in 
Sportcity Phase 4 and Didsbury Phase 5, to other projects" (SR). This would "increase 
efficiency, effectiveness and, eventually, profitability'. To do this organisational 
learning and information sharing must be encouraged. Also, a greater standardisation of 
the process and designs would help. Generic solutions should be developed to make the 
process of diffusing information more effective. For encouraging learning, to create a 
supportive culture is key. However, to change peoples' perceptions was never easy. It 
was claimed that many senior managers were resistant to changes (SR). 
Demonstrate the benefitsfrom using offsitelBenchmark good practices 
It was claimed that the company was not unwilling to use innovation, but the way 
forward should be by demonstrating the benefits where offsite has been successfully 
used. It was also important to demonstrate the main drivers of the company to use 
offsite, e. g. improving efficiency, addressing skills shortages. Benchmarking would 
"create a robust construction base and avoid guinea pig triar' (SR). Tracked 
performance would help produce guidance on how to work better in the ftiture. 
Designfor manufacturelDesign to process 
The company was trying to understand how offsite manufacture can help reduce defects 
and services coordination. The company expected to improve design and make it more 
favourable to manufacturing than to traditional in situ methods. This strategy was 
claimed as applicable for both multi-storey apartments and low-density housing. The 
approach design for manufacture could also reduce labour requirements for onsite 
construction. Another key strategy was to design to process. This was claimed as 
critical to reducing waste, standardising the process and improving learning. It was 
claimed that the housebuilder should work in collaboration with manufacturers and 
suppliers to pursue designing details and tracking the process. 
Supply chain managementfinvolving manufacturers & suppliers early on 
Though Countryside had not formally set any strategic alliances at the group level, it did 
maintain strategic relationships with a number of specialists and developers through 
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partnering and /or joint ventures at the project level. Countryside worked hard to gain a 
clear picture of its supply chain for construction work. However, rather than 
establishing strategic alliances, e. g. manufacturer alliances, as some other large 
housebuilders do, the company wanted to establish a more dynamic relationship with a 
number of specialists, manufacturers & suppliers, and subcontractors. Both design for 
manufacture and design to process required an early involvement of manufacturers and 
suppliers on board. 
Guidefor Design - 7he main mechanismfor the step change 
The 'Guide for Design' was a group guidance database document, having been under 
development since late 2004/early 2005. It aimed to set out a standardised approach to 
obtaining efficient design and specification for use throughout the group. It was claimed 
that the Guide for Design should be a living document and constantly updated. The 
Guide also encompassed essential guidance on planning and building regulations and 
mapped out essential design criteria associated with structural and services solutions. A 
number of working examples were also provided in the Guide for illustration purposes. 
7.3.10 The Process of Integrating Offsite into Housebuilding Business 
The approach of offsite was integrated into the Guide for Design. This section, within 
the context of Countryside's corporate decision-making, presents the process of 
integrating offsite into housebuilding business. 
7.3.10.1 Corporate decision-making process 
The corporate decision-making process of Countryside was aligned with its four-stage 
housebuilding business, which is mapped out as in Figure 7.2. The main purpose of the 
process was to create a discipline to make good decisions, i. e. to make right decisions at 
the right time, in order to minimise risks. 
Figure 7.2 Four-stage housebuilding business model of Countryside 
Each of the stages included detailed procedures and checklists to ensure the right 
decisions made at the right time. Key activities are summarised: 
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Land acquisition stage. This included activities: realizing a land opportunity through 
initial, viability and risk assessments; applying the Guide for Design to take forward 
initial design layouts; creating the development appraisals and land acquisition pack 
for Corporate Management Committee (CMC) approval; to submit offer and 
exchange contracts; and finally completion on the deal. 
Pre-site stage. This included activities from the land team handover meeting to 
development team through agreeing the project team, production of a cost plan, 
agreeing method of procurement, planning design phase with associated design 
freezes, production of the planning pack, submittal of planning application and 
subsequent approval, tender process, budget pack and CMC approval, contract 
award, the detailed design, production of start on site pack with approval from CMC, 
to start on site. 
* Site stage. This included activities from the starting of site phase, pre-construction 
activities, management of the sales and marketing campaigns, starting of the actual 
build phase, the monitoring/management/reporting, obtaining reservations and 
progressing sales, management of snagging, to completion of the build phase. 
Post-site stage. This included: the management of freehold interest through continue 
to market/sell/inspect unsold properties, analysis of lessons leamt, customer 
satisfaction surveys, end project reviews, management of customer fault reporting, 
complaints and emergency call out/repair responsibilities until the end of two year 
warranty period. 
7.3.10.2 Integration of MMC into the process 
Strong corporate governance and pro-active communication characterised the decision- 
making context of Countryside. The company was committed to the principle of "good 
corporate governance" and to ensuring that its business is "properly directed and 
managed' for the benefits of its stakeholders. The company sought to maintain an 
informative and pro-active dialogue with its stakeholders through regular meetings, 
presentations, written reports and the Group's website (www. countryside- 
properties. com, [31/05/06]). 
The integration of NMC into the corporate decision-making process was aligned with 
the five milestone reviews for its housebuilding business. Both milestone reviews and 
MMC reviews are mapped out in Figure 7.3. 
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Fic, ure 7.3 Housebuilding milestone reviews and MMC reviews zn 
Land acquisition 
PACK 
MMC REVIEW 
FPre site BUDGE1 PACK 
MMC REVIEW 3 
COMPLETION OF COORDINATED DESIGN 
& PREPARATION FOR MANUFACTURE 
Site 
5 MONTHS MMC REVIEW 4 
INTO BUILD COMPLETION OF CONSTRUCTION & 
PREPARATION FOR 2 YEARS AFTER CARE 
Post site 2 YEARS 
6 MONTHS AFTER COMPLETION OR 3 41 
w5 
Notes: The four stages and the five milestone reviews Were from COU ntrys ide's document 'Guide for Design'. 
Detailed procedures are excluded for commercial confidentialities. The MMC reviews were developed through the 
study. 
7.3.10.3 A high-level checklist of strategiesfor optimising the use of off. vite 
A number of build systems proposed for standardising design in the company featured 
offsite/MMC. The company hoped to take advantage of offsite/MMC through their 
standardised designs and benchmarking activities. This required the company to 
understand the risks involved and maximise development opportunities. The Study 
developed a decision-making process for using off'site (Figure 7.4). This was aligned 
with the general corporate decision-making process (Figure 7.10) and the MMC reviews 
(Figure 7.3). The process and the checklist facilitated the development of a project-wide 
strategy for optimising the use of offsite/MMC in housing (Figure 7.4). The project 
strategy is in line with housebuilding business. Three categories of MMC have been 
taken into account and they are: modular building, VOILIrnetric pre-assernbly and non- 
volumetric pre-assembly. 
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7.4 Data Analysis & Results at the Subsidiary Level 
The methodology chapter has explained the objectives of' the study at the subsidiary 
level (Table 5.6 and 5.5.2) and the considerations for choosing the case subsidiary 
(5.5.4.2). The data for analysis include the completed questionnaires, interview 
transcripts and notes, observation notes of a few meetings/discussion, and subsidiary 
documents. Table 7.6 tabulates the participants' details, data collection events, data 
types, and analytic inethods used. 
Table 7.6 Overview of participants in and data froin the subsidiary study 
Name Position Data Collection event Data I' ypc Analytical nictliod 
is Development Quest & Intw Quest & ficid notes Quanti & Quali 
Manager 
DcsiLm Director Quest & 1111W Quest &' held noles, Quanti &' Quali 
&I ti anscl ipt 
PM Architectural Quest & In1w Quest &' field notes, Qualiti & Quali 
Technician & transcript 
Rs Senior Estimator Quest & 111tw, & Quest & field notes, Quanti & Quaii 
mectini-, &I trallscrij)t 
SC managing buyer yuest & tnEw Quest & iiem notes Quanti & yuan 
IIR Technical mecting Field notcs Quali 
Standai-cis Niamwei, 
TS Construction Discussion Field notes QU, 11i 
Director 
IF Associated Const Discusýion hAl notes QL1,1li 
Dii-ector 
SR Consultant (Group) Meeting Field notes 
7,111 
" ". 
F. Quali 
AP Quantity Surveyor Discussion Field notes Quali 
Keys: Quest -Questionnaire; Intw -Interviews; Quanti - Quantitative; QUall QUAIUMVC 
The data analysis involved the use of two analytic approaches. Firstly, the quantitative 
data were analysed using weighted scores (see 7.3.1.2) and are presented in plotted 17, 
figures. This integrated the answers frorn different participants, which, therefore, 
reflects the nature of decision-inaking in the subsidiary its it group event, and avoids the 
potential error that the use of simpler measures like 'inean, inedan and mode' (5.8.4.3) 
would bring in. Secondly, the (ILialitative data were broken down, codified and 
regrouped manually (see 5.8.6). The qualitative data include participants' answers to 
open-ended questions and their relevant considerations, in-depth reasoning of their 
thinking, and the researcher's reflections and ideas. This section presents the data 
analysis and results under the thernes of the subsidiary context, the decision-inaking 
process, drivers and barriers, and strategies/learning points. Ll -1 
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7.4.1 Subsidiary Context 
The Northern Subsidiary, also called the Warrington Office, was selected for the case 
study at the subsidiary level (5.5.4.2). The Northern Subsidiary had been financially 
successful during the recent years. The company had considered this as partly 
attributable to the use of offsite techniques and systems, e. g. timber frame and precast 
concrete panels. An overview of offsite technologies used or proposed for Sportcity and 
Didsbury is provided in Table 7.7. Through the intensive use of offsite the subsidiary 
had collected plenty of data and gained rich experience. The subsidiary was, therefore, 
keen to develop strategies for optimising; the use of offshe technologies in order to fully 
realise their potential benefits. 
Table 7.7 Overview of offsite technologies for Sportcity and Didsbury project 
Project Start/completion Offsite technologies 
sC Phase 4 Under construction Buchan's PCC wall panels & floor planks (outsourced) 
SC Phase 3 To be started in 2007 Wall panels & floor planks same as Phase 4 
SC Phase 2 To be started in Aug 2005 Currently in cost analysis of steel frame, in situ and Buchan's 
panel 
SC Phase I Completed in Sept 04 Timber frame 6-storey with the sub-con, Steward Milne 
DB Phase 5 To be started in Mar 05 Buchan's panel will be used 
DB Phase 4 Under construction Timber frame was used for the budget. Insulated concrete 
panel (Structherm) was cheap and closer to the budget in 
terms of time and quality 
DB Phase 3 Completed in Jan 05 Timber frame by Pinewood 
DB Phase 2 Completed in Mar 04 Timber frame by Pinewood 
DB Phase I Completed in Sept 03 Timber frame by Pinewood 
Keys: SC - Sportcity DB - Didsbury Notes: Data as up to Feb 2005, collected through the interview with the Senior Estimator (RS). 
7.4.2 Decision-making Process for the Use of Offsite 
The results on the decision-making process for using offsite are presented under the 
themes developed from the analytic process. However, considering the increasing level 
of corporate governance and the centralised information sharing among the company, 
the decision-making at the subsidiary level is only presented in a descriptive manner. 
Decision-making stages, decision-makers and their activities 
The decision-making process was explored in three aspects, namely, stages, people 
involved and activities. The participants were asked to comment on the integration of 
offsite into a generic five-stage process which included basic house type design, outline 
planning application, detailed planning application, pre-construction and construction. 
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It appeared that all of the departments had input into the process. The Development 
Manager (JS) commented that the development department was integrated into the 
process from the pre-construction stage on but it should be involved very early on, for 
example, from the stage of basic house type design or outline planning application. He 
explained that reason the key decisions were made late was due to: "people do not 
commit themselves to early decisions in nature; as an expanding company, we do not 
have enough staff; and changes in market". The other participants commented that the 
design, estimating and buying departments were integrated into the process from the 
basic house type design stage on. The design department came out with the design 
proposal which specified the density and the number of storey and units. This proposal 
was verified by the other departments through the activity of cost comparison. During 
the process, manufacturers, suppliers and subcontractors were normally approached 
through the Managing Buyer. The commercial department was involved from the pre- 
construction stage on, with regard to tendering. For the whole process Intervention 
Meetings at the Subsidiary level and Project Development Meetings at the project level 
were two main mechanisms for group decision-making. The participants' comments 
suggested a process in which the decision that build systems were selected was 
obtained. The process is presented in Figure 7.5 with the context of the project DB5. 
Figure 7.5 Decision-making process for selecting Buchan's panels for DB5 
Mechanism 
Group guides 
Partidpants 
Land team 
Design team 
Cost/estimate 
Engineer 
Buying 
QS 
Construction 
Customer 
Sales 
-------------- 
initial design 
its Define density, storey and units 
Select construction type 
Timber frame, steel frame or 
concrete 
Select construction form 
Timber frame, LG steel frame, 
concrete in situ or PCC 
Select supplier 
Structherm or Buchan 
Ii. 
------------------------- j 
Cost 
Comparison 
Intervention 
Meeting 
Project 
Development 
Meeting 
Buchan's 
PCC panels 
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Influences of the participants in decision-making 
It was the Managing Director (MD) of the subsidiary who fundamentally decided 
whether or not to use offsite and which type of offsite technologies to use. However, it 
was the whole team who enabled the decision-making. 'Project Development Meeting' 
was the main mechanism for such process. There were also sub-level meetings within 
different departments, e. g. subcontractor meetings called for by the Buyer (SC) and the 
QS (AP) and construction meetings called for by the Construction Director (TS). 
However, there appeared to be little involvement of the site team in the decision-making 
process for using offsite. Nevertheless, this little involvement of the site team appeared 
not to be recognised by the other departments as a problem. 
The current integration of offsite into the decision-making process 
The current integration of offsite into the decision-making process appeared to be 
unsatisfactory. The delayed decision for integrating the PCC panels for the project SC4 
caused problems for project management. Two reasons were claimed as attributable to 
the delay: it was the subsidiary's first use of the Buchan's panels in this project, and 
Buchan was involved just two months before the detailed design. In this regard, the 
learning point "early consultation with subcontractors" had been suggested (JS). The 
fundamental reason for the late involvement of Buchan was claimed as due to the 
change from original architect design to the use of Buchan's system, which caused two 
months time loss. The learning point ': freeze design early on" was therefore 
recommended for the future use of the system. 
7.4.3 Drivers for Using Offsite 
The approach of weighted scoring was used for the subsidiary study. The overall 
weighted scores (Figure 7.6) integrate the answers provided by all participants (Table 
7.8). This enables the provision of the general picture of the drivers claimed by the 
project team overall. The overall weighted scores were obtained through two steps. 
First, the importance of the participants' answers was graded (Table 7.8). This was 
because ihe degree to which the participants contributed to decision-making clearly 
varied'(7.4.2). Three grades, i. e. essential, important and supportive, were used for 
measuring the importance of participants' answers to specific questions. The rates of 
importance were then converted into weights in percentages using the method Rate Sum 
(see 4.3.3), i. e. by dividing each rate by the sum of the rates (Table 7.8). Second, an 
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overall weighted score was produced for each driver by summing up the scores 
provided by the respondents multiplied by their weights. 
Table 7.8 Questionnaire respondents' nature & weights in the subsidiary study 
Position Grade 
For drivers 
Rate 
(R) 
Weight 
(W) Grade 
For barriers 
Rate 
(R) 
Weight 
M 
For integration 
Grade Rate Weight (R) 
is 
Development 1 2 18% 1 2 18% 12 20% Manager 
ji 
Design E 3 27% E 3 27% 
Director 
PM 
Architectural S 1 9% S 1 9% E3 30% Technician 
RS 
Senior E 3 27% E 3 27% 
Estimator 
Managing 
SC 1 2 18% 1 2 18% 12 20% Buyer I I 
Keys: E- Essential; I- Irnportant; S- Supportive 
The formula used for calculating the weights (see Table 8.7) can be written as: 
Wi =1- 
Ri 
Ri 
KM: 
Wi: Weight of participant i 
Ri: Rate value of participant i 
n: Number of participants 
The most important drivers for using offsite in the subsidiary were centred on the 
factors of time (5.0), quality (scores vary among different quality factors but high 
overall), H&S (4.8), cost (scores vary among different cost factors but high overall), 
skills shortages (4.2) and sustainability (Figure 7.6). For cost and quality, the 
participants appeared to be less concerned with the cost and quality performance during 
the lifecycle of housing. The other drivers were also highlighted but regarded not as 
important as those listed above. 
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Figure 7.6 Drivers for using offsite in the subsidiary 
Clients' influences 
Oorporate promotion & initiatives 
Compliance with Building Regulations 
Government promotion 
Addressing skills shortages 
Site restricted by external parties 
Live working environment limits site operation 
Multi trade interfaces in restricted work areas 
Restricted site layout or space 
Implementing Respect for People principles 
Maxir-nising Iff ecycle environmental performance 
Reducing environmental impact during construction 
Reducing health and safety risks 
Achieving lif ecycle performance predictability 
Achieving predictability of quality 
Achieving high quality 
Minirnsing overall project time 
Minirnising on-site duration 
Ensuring time certainty 
Minirnising overall lif ecycle costs 
Minirnising build costs 
Mininising non-construction costs 
Ensuring cost certainty 
2.5 
312. 
3MM .8 
8 
3 4 
14.2 
. 
3.1 
S4== 4.0 
3.51 
4.2 
012345 
Keys: 0- Not relevant; I- Somewhat important; 2- Fairly important; 3- Important; 4- Quite important; 5- Very important 
The participants provided reasons and considerations for their quantitative answers. The 
qualitative data were analysed manually using the process of 'coding', theme-ing and 
pattern-ing' (5.8.6.3). Table 7.9 presents the results and illustrates the analytic process. 
The data are based on the extracts from the interview transcripts and the researcher's 
field notes. The themes and patterns developed from this analytic process have been 
integrated into the analysis of the results in the study at the group level (7.3.7). 0 
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7.4.4 Barriers against the Use of Offsite 
The results on barriers against the use of offsite were analysed qualitatively through the 
process of 'coding, theme-ing and pattern-ing', and are tabulated in Table 7.10. No 
quantitative analysis was carried out for the results on barriers. This was because most 
respondents answered to the question on barriers in a qualitative manner, which made 
quantitative analysis less meaningful. 
The most significant barrier against the use of offsite in the subsidiary appeared to be 
unable to freeze design early on and the lack of understanding of offsite and the process 
required to fully realise the potential benefits from offsite. However, the participants 
argued that many of the factors, though highly documented in the wide industry domain, 
were not 'barriers' but 'factors of consideration'. This included the aspects of technical 
difficulties, process, procurement and risk averse culture. 
7.4.5 Strategies and Learning Points 
The participants in the subsidiary study also provided strategies for addressing the 
barriers and taking the learning to future projects. The strategies and learning points 
were analysed through the process of 'coding, theme-ing and pattern-ing' (Table 7.11). 
The strategies and learning points for optimising the use of offsite in the subsidiary 
appeared to be covering the macro and micro levels. On the macro level, the approach 
of offsite should be aligned with the company vision and strategy. Offsite should be 
treated as a strategic approach to improving business efficiency rather than just a pure 
use of construction techniques. To bring in a step change, organisational learning and 
information sharing should be encouraged. Proper mechanisms should be provided to 
help get the whole company buy-in the process. A database on supply chain 
management was planned. On the micro level, manufacturers, suppliers and 
subcontractors should be integrated into the project team early on. Their expertise, skills 
and information should be made available to the decision-makers. 
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The strategy on supply chain management was emphasised by the Change Agent from 
the group's point of view since the process could be benchmarked to the other 
subsidiaries. The subsidiary had reviewed its supply chain with a particular focus on the 
system of PCC panels. This is mapped out in Table 7.12. 
Table 7.12 Map of PCC panel* supply chain of the subsidiary 
Supplier Description Benef its Risks 
Currentlimminent suppliers 
Buchan Supplied to project SC4, DB5 
and SC2a; 
The company Is the backbone 
of Countryside's current use for 
blocks greater than 4 storeys - 
their R&D dept Is looking to 
develop the sandwich panel. 
Successful In SC4; 
Effective communication. There 
Is only one representative on 
site once the panels leave the 
factory. 
Right staff with right knowledge. 
It uses PCE as erection sub- 
con. PCE's work covers from 
factory, site, crane off to erect 
panels. There Is no site stock 
requirement. 
Capacity Is governed by 
Government since the products 
are too public. 
Buchan has got high demand and 
high manufacturing pressure, 
supplying to PFI, schools and civil 
projects. 
Buchan Is closing a factory in 
Northwest which Is questionable. 
There will be possibly no further 
products. 
Structherm To be supplying to project DB4 
and Stoneclough; 
They don't recommend going 
above 5 storeys. 
-75-ture suppliers 
Tarmac Material company. Countryside has challenged 
Their MD wishes to meet Tarmac to produce the 
Countryside's MID to explore sandwich panel - they are 
cooperation opportunities. potentially going to Invest In a 
new factory for this purpose. 
Competitive to Buchan. 
Bullivant Their main business Is Its boss Is enthusiastic to They produce very various 
underground now (Pc plies and produce new products. products. They also do some pro- 
ground beams). However, They are looking to develop the finished panels and some 
Countryside has challenged 'dream'panel. In the meantime elements. They are currently 
them to produce a Pc panel they will source from Germany making components for 
product. for Countryside. Structherm. 
Heijmans Based In Holland. The Heijmans takes cladding offsIte Currency; 
company has proved to be on which we are experiencing Transportation; 
terms with Buchan price wise problems on SC4; Storage and protection. 
but has the 'dream' sandwich Balcony will be part of floor 
panel as a standard product. structure and plumb cast in floor 
as well; 
Hellmans can be a principle 
contractor. 
HeIjmans can build from 2- 29 
storev bv usIna PCC Danels. 
* The current PCC panel Includes external Inner leaf and Internal party structural walls, which requires scaffolding and 
cladding on site. The potential sandwich panel comprises external wall Including Inner leaf, Insulation and external face 
and therefore requires no scaffolding or onsite cladding work. 
Source, Email document from RS, 12 Apr 2005 and notes from the meeting with SR, RS and PR on 04 Apr 2005. 
The subsidiary was asked by the group to produce a fonnal database on supply chain 
management based on their recent projects which involved the use of offsite 
technologies, e. g. timber frame and PCC panels in this case. This database was expected 
to show the evolution process of applying offsite and provide a basis for diffusing good 
practices among the group. The results reveal that substantial work had been done in the 
subsidiary on managing its supply chain. The participants suggested opening dialogues 
with their supply chain at the MD level, and, possibly, establishing a manufacturing 
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partnership. They claimed that it was important to show future workload to their supply 
chain in order to secure a long-term relationship. 
7.5 Data Analysis & Results at the Project Level 
The methodology chapter has explained the objectives of the study at the project level 
(Table 5.6 and 5.5.2) and the considerations for choosing case projects (5.5.4.2). The 
overall case study actually investigated a wide range of projects of Countryside, but in- 
depth examinations were only carried out on the projects SC4 and D135. This section 
presents the data analysis and results of the two in-depth project case studies, under the 
themes developed from the data collection and analysis. The data on other projects are 
integrated into the study at the group level and have been presented in Section 7.3. 1ý 
7.5.1 Project Sportcity Phase 4 (SC4) 
Data for the SC4 case study were gathered through a workshop of the project team, 
observations of several site meetings, interviews with the project team and site visits 
(see 5.5.5). The data collected are qualitative in nature and were analysed using the 
methods explained in Section 5.8.6. This section presents the data analysis and results 
under the headings of the project context, drivers for using offisite, the site integration 
and problems encountered during its use, and strategies/] earning points. 
7.5.1.1 Project context 
SC4 is a development of one and two bedroorn apartments located in East Manchester 
The prc&ct details relevant to the study is provided in Table 7.13. 
Table 7.13 Project details ofSC4 
I louse type 102 units of I and 2 hc(h oom apartments 
Structure Including two blocks, the Cube, 9 storey, and the Crescent, 7 storey. 
Off'site teclinolo"y l'jCCjj1, j COjjCjCtC W, 111 JNHICI. L', \A. 1,111 1)ýJnUJS) 
piecast concietc flo0i planks TCC floor pilnels) 
Manufacturer and supplier C. V. Buchan Ltd (Buchan) 
PIOCUrement type In-11OLISC build lot- project management, fixed price package for 
7.5.1.2 Driversfor using PCCpanels 
The drivers for using PCC panels in this pr(ýject were inainly identified through the 
workshop of the project team. The Development Manager (JS), the ArchitectUral 
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Technician (PM), the Managing Buyer (SQ, the Site Manager (JP) and the Assistant 
Sales Manager (HK) participated in the workshop. The participants were asked to 
provide three most important drivers. Though, participants' answers and comments 
revealed a variety of driving forces for using the PCC panel system for the project, the 
drivers were centred on ensuring cost and time certainties, speeding up construction 
programme, simplifying both design and construction processes, improving health and 
safety, achieving high quality, and improving customer satisfaction. 
The participants were also asked to explain their answers. The group discussion 
suggested that, despite the variety of answers provided, the project team's thinking 
about the use of offsite techniques was based on three factors, i. e. time, cost, and health 
& safety. Time was highlighted by the team as the most important driver for selecting 
the PCC panel system for the project. Also, the Development Manager, the 
Architectural Technician and the Managing Buyer all claimed that cost and time were 
associated with each other, and they, together, fundamentally determined the decision- 
making in build system selection. They also commented that, at the moment, the 
company aspired to achieve a quick build programme. This was confirmed by the 
Assistant Sales Manager who emphasised the importance of time certainty in order to 
match the current rate of sales. Coupled with the combination of time and cost, health & 
safety was claimed as of great importance. However, health & safety was not regarded 
as a driver but a compulsory consideration, which implies that it has to be complied 
with, no matter what build system is used. 
7.5.1.3 The site integration of the PCCpanel system 
The workshop participants were asked to comment on the integration of the PCC panel 
system into construction work against three criteria: tolerances, interfaces and 
programme. They were explained as: 
" Tolerances: allowable deviation of the Buchan's PCC panels in use 
" Interfaces: shared boundary of Buchan's panels and oýher systems or components. 
" Programme: time and time certainty of delivery and installation of Buchan's panels 
and the flexibility of adjustment against any emergency. 
The site integration of the PCC panels was generally satisfactory. The wall panels are 
claimed as offering good quality and great programme certainty. However, the floor 
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planks were regarded as poor against the criteria -on tolerances as the uneven flooring 
caused quality problems of the whole structure. The inconsistency between the wall and 
floor panels was reasoned as that the wall panels were manufactured and supplied by 
Buchan whilst the floor planks were outsourced by Buchan. The participants also 
commented that offsite-related activities significantly affected conventional onsite work 
from the aspects of procurement, logistics, site set-up and plan, programme and source 
of materials. Good planning of construction work and early integration of manufacturers 
and suppliers into the programme were raised during the discussion as critical issues to 
improving the site integration of offsite. 
The participants were also asked to provide the benefits that had been achieved in the 
project from using the PCC panel system. Qualitative answers suggested the project was 
benefiting from the use of the PCC panel system from the aspects: that the build 
programme had been maintained, that the site was kept tidier and safer than a traditional 
site, and that good quality was achieved for the structure work. There benefits were 
verified through the researcher's site visits and document analysis in a qualitative 
manner. However, the measurement of the site integration of and benefits from using 
offsite technologies, in a quantitative, objective approach, is not provided. Such 
measurement could improve understanding and help demonstrating the use of offsite, 
and is recommended for future research (see 10.8). 
7.5.1.4 Problems encountered during the use of PCCpanels 
The problems encountered during the use of PCC panels were centred on the aspects of 
design, technical, process, procurement and site operations. This was identified through 
the analysis of the workshop and interview transcripts and notes. 
It was claimed that the housebuilding market was dynamic. The company was left with 
less allowance for "long lead-in and design time" QS), which is critical to the 
integration of factory-based build systems. Uneven flooring caused by the "tight 
tolerances to the finishing building external of the PCC floor planks " (PM) was 
significantly affecting other onsite construction work such as the erection of the wall 
panels and the external steel balconies. This problem was clarified not due to the panels 
themselves but the different tolerances allowed for the structural components. Two 
reasons were provided for the problem by the Architectural Technician: that the 
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integration of the floor planks had not been fully understood by the design department, 
and that the subsidiary had not used PCC wall panels before. 
The change of design to suit the procurement of PCC panels caused critical time loss in 
the design programme. This appeared to be the fundamental reason for the problems of 
onsite trade interfacing and 'hot' debates observed in the site meetings. The 
Architectural Technician explained this problem: "We got an outside architect to design 
the building for us. When we procured this panel system, we realised this was part of 
the design. If we were going to build the building as the architect originally proposed, 
we could not do it using concrete panels. Therefore, we had to re-design the building. 
During that re-design and re-negotiation among the departments, ... two months were 
lost out of the drawing programme". The explanation suggested that the problem of re- 
design was not because of the original architect, but the late decision made by the 
company to attempt to economise with the type of MMC that the company procured. 
This late decision was reasoned as the combination of the difflculty for the original 
architectural design to achieve cost benefits and the "limited internal resources" of the 
subsidiary. This echoes the main driver, the combination of time and cost, for using the 
PCC panels for the project identified in Section 7.5.1.2. The lack of input of design into 
early decision-making and the great turnover of design staff worsened this problem. The 
participants agreed with each other that most of the problems were due to the lack of 
understanding in the company of the new system (new to the subsidiary) and the 
delayed detailed design due to the late decision of changing the basic design. The 
Subsidiary Architectural Technician summarised this within the subsidiary context: "A 
lot of these issues are not down to the use of MMC, but the problems we caused 
ourselves in our company'. 
Discussions with the site team and observations of site meetings also revealed some 
general problems, though not caused by the use of PCC panels, needed to be solved in 
order to realise the potential benefits of the panels. The Build Manager commented 
from site team's point of view that, "90% of the emails are useless. A lot of efforts are 
wasted". He also suggested that the email dealing and the site work needed to be 
balanced. Another problem was related to the drawing distribution system. As discussed 
in one of the site meetings observed, the positions of 46 openings were wrong on site, 
either bigger or smaller than specified, while 11 windows out of them had already been 
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fabricated. This was because the updated versions of drawings were not distributed 
properly to the subcontractors and suppliers, which meant that they had been using 
superseded drawings. The informants expressed a strong desire to refine the process in 
order to eliminate the problems in the future. Furthermore, the general project 
management was found to be critical for realising the benefits from offsite. The 
fieldwork revealed a general supportive project environment in this project. However, 
some project team members' attitudes to problems over the development meeting were 
quite negative. Some even refused to attend the meeting, some were late and some kept 
on getting off the track of the agenda. There seemed to be a gap in the understanding 
between the site team and the project team. 
7.5.1.5 Strategies and learningpoints 
The data collected on the project suggest that the project team had made a serious 
consideration of the problems encountered and developed a number of strategies and 
learning points. Learning strategy was clearly proposed and promoted by most 
participants. They realised that the problem (with uneven flooring) was due to the lack 
of levelling control but more "lack of understanding" (PM). The project team suggested 
taking what had been leamt from the project to apply to the next one. The subsidiary 
Construction Director (TS) emphasised in a site management meeting that there should 
be "more detailed drawings from suppliers" for the next project. 
A number of learning points were gained regarding the technical performance of the 
system which was new to the company. The 150mm thick concrete party walls between 
dwellings was claimed as insufficient to meet acoustical requirements. An independent 
wall layer was added to increase sound insulation, which caused extra work. The 
Architectural Technical planned to take this learning to the next project. The Site 
Manager emphasised the leaming; from managing different interfacing trades and 
claimed that will be applied on the next project. 
Standardisation of the use of the products and the process was highlighted by the project 
team as another learning point for the use of PCC panels. The team suggested designing 
the shape of building more regular which is more concrete panel friendly. This should 
help with the process of incorporating the use of PCC panels. Temporary solutions 
could not get rid of the problems thoroughly. More fundamental and strategic 
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approaches should be sought for the future use of MMC. The Architectural Technical 
emphasised this, "(by changing the original architectural design) we decided to try to 
save some money, but the cost of saving that money was the delay of time". ne team 
clearly demonstrated their ideology of benchmarking the learning from this project to 
next phases, and involve sub-contractors earlier into the design stages in order to avoid 
the problems encountered in the project. 
The main mechanism used by the project team to manage the use of PCC panels was the 
'Project Development Meeting' which was run on a fortnightly basis. The meeting 
involved the site team and representatives from different departments of the subsidiary 
including development, design, construction, buying, quantity surveying, sales and 
technical. The participants were normally the departmental managers but sometimes 
departmental directors were also involved. Therefore, the development meeting was 
functioning like a hub in which information was shared, queries raised and problems 
solved with input from all participants. The meeting was chaired by the Development 
Manager, whose comments on learning points appeared to be presenting an overall 
strategy: "We are continuing to assess the risks of the systems we use now. We use while 
we are learning, in order to procure the next phase more successEfidly. We also assess 
the value we try to design out, for instance, for the use of the concrete panels. We try to 
make the shape more regular which is more concrete panel friendly. We keep the 
connections with the building more simple than we have done sofar, so the connections 
with the balcony become easy. ... So, we are applying all these lessons learnt and try to 
design them into the next phase". 
All these strategies and learning points presented above demonstrate a positive learning 
environment which existed among the project team members. The fieldwork overall had 
impressed the researcher that the first important leaming point was to learn and to learn 
in a pro-active way. 
7.5.2 Project Didsbury Point Phase 5 (DB5) 
Similar to SC4, the data for analYsis for project DB5 included the completed 
questionnaires from the workshop, workshop transcripts and notes, observation notes, 
site/project documents and site visit notes/photographs. The data are a combination of 
quantitative and qualitative portions. This section presents the data analysis and results 
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under the headings of the project context, drivers and barriers, the site integration of 
offsite and strategies/leaming points. 
7.5.2.1 Project context 
The project DB5 is two and three bedroorn apartment block located in South 
Manchester. The project details relevant to the study are provided in Table 7.14. 
Table 7.14 Project details of DB5 
7.5.2.2 Driversfor using PCCpanels 
The drivers for using PCC panels in this project were mainly Identified throul"l-I the 
workshop of the project tean-i. A list of possible drivers were provided to the 
participants to measure their attitudes to. The list of possible drivers integrated the 
existing knowledge and the interim results from the study. Providing the list of possible 
drivers improved the tirrie-efficiency of the workshop event. This section presents the 
overall weighted scores for the drivers (Figure 7.7) using the same method Rate Sum 
that has been explained in Section 7.4.3. The use of overall weighted scores provide the 
overall picture of the perspectives on drivers of the project team (Table 7.15). 
Table 7.15 Participants' nature and weights in the workshop D135 
For drivers For barriers For integration 
Position Grade Rate Weight Grade Rate Weight Grade Rate Weight (R) (W) (R) (W) (R) (W) 
IH Development E 3 20% E 3 21% 12 14% Manauer 
Architectural NW Technician E 3 20% 1;, 3 21% E3 21% 
Sc Buyer 1 2 13% 1 2 14% 12 14% 
cl 
Senior 1 2 13% 1 2 14% 12 14% Engineer 
MH 
Quantity 1 2 13% 1 2 14% 12 14% Surveyor 
ill Site Manager S 1 7% S 1 7% E3 21% 
HK Assist 
Sales 1 2 13% S 1 7% Manaver 
Keys: E- Essential: I- Imponam S- Suppoiiive 
The most important driver for using PCC panels in DB5 was identified as ininimising 
onsite duration (4.5), followed by ensuring time certainly (4.5), achieving high quality 
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(4.3), compliance with building regulations (4.1), ensuring cost certainty (3.7), 
minimising build costs (3.7), minimising overall lifecycle costs (3.7), maxii-nising 
environmental performance for the lifecycle (3.6) and reducing health and safety (3.5). 
The other drivers were also highlighted but regarded not as important as those listed I C, 
above. It should be clarified that the participants' attitudes to the drivers (Figure 7.7) 
were identified within the context of the pro ject DB5. The less important drivers were 
claimed since they were less relevant to the project, which does not suggest that they are I. Nn 
not important on a general basis. The Architectural Technical explained: "In lerins qf 
the less important faclors, such as site specýfics, ad(Iressing skills shortages which is 
particularly a Government proinotion initiative, they are not very relevant here" 
Figure 7.7 Project drivers for using PCC panels in DB5: Overall weighted scores Z" 
Clients' influences 
Corporate promotion & initiatives 
Compliance w ith Building Regulations 
Government promotion 
Addressing skills shortages 
Site restricted by external parties 
Live working environment limits site operation 
Multi trade interfaces in restricted w ork areas 
Restricted site layout or space 
Implementing Respect for People principles 
Maximising lifecycle environmental performance 
Reducing environmental impact during construction 
Reducing health and safety risks 
Achieving lifecycle, performance predictability 
Achieving predictability of quality 
Achieving high quality 
Minirrising overall project time 
Minirnising on-site duration 
Ensuring time certainty 
Minirnising overall lifecycle costs 
Minirnising build costs 
Minirnising non-construction costs 
Ensuring cost certainty 
7.777- 13.1 
1.4 
4.1 
1.5 
2.0 
j 2.5 
2.5 
1.6 
2.5 
3.0 
MM 3.5 
4.3 
4.5 
4.5 
ýi&7 
3.7 
012345 
Keys: 0- Not relevant; I- Somewhat important; 2- Fairly important; 3 Important; 4 Quite important; 5- Very important 
The participants also claimed the benefits achieved frorn using, the PCC panels for the 
proJect. Though the benefits were claimed on a subjective basis, improvement of a 
number of aspects was highlighted. EIISUrcd time certainty and quick build prograrnine I 
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were identified most significant. The use of PCC panels also brought in a clean site, r, In 
reduced requirement for storage, and eased site management. Ensured cost certainty was 
also highlighted. It was claimed that the use of PCC panels involved very little variation 4: ) 
than timber frame. However, the team realised that the use of PCC panels required the 
early freeze of the design and offered less flexibility to changes. The use ofPCC panels 
also improved quality. 
7.5.2.3 The site integration of the PCC panel system 
The workshop participants were asked to indicate their attitudes to the site inte(Tration of 
the PCC panels against the criteria: tolerances, interfaces an(] prograrnine. These 
criteria, explained in Section 7.3.1.3, were further broken down for detailed 
investigation. The overall weighted scores of the project team's attitudes to the 
integration of the PCC panels were obtained using the Rank StArn inethod (see 7.4.3), 
and are plotted in Figure 7.8. in 
Figure 7.8 Project team's attitudes to the integration of PCC panels in DB5 Z:, 
-----t-JeX]DJ1T1y OT aujusirrem againsi-any- 
emergency 174 77 P 
711-0 
Time certainty of installation P*7 1.6 
Time of installation (speed) 1-Fi, 1 1.6 
Time certainty of delivery 1,74MM. "S 1.6 
Interfaces w ith M&E1.5 
Interfaces with cladding 1 1.3 
Interfaces with stairs 1.5 
Interfaces w ith flooring 1.6 
Inte rf aces w ith foundation 1 1.8 
Tolerances ITOVW"77 
-2 -1 012 
Keys: -2- Very unsatisfied; -I- 
Unsatisfied; 0- Neutral; I- Satisfied; 2- Very satisfied 
The team was generally quite -satisfied with the site inte ration of the PCC panels, C, _g 
particularly against the criteria of speed (1.6), time certainty (1.6), interfaces with 1. 
foundation (1.8), flooring (1.6), stairs (1.5), M&E (1.5) and cladding (1.3) (HOUre 7.6). ZI C, 
The team was slightly less satisfied with the performance against the criteria of time 1: 1 Z71 
flexibility (1.0) and tolerances (I. I). This echoes a few problems enCOLIntered during the 
LISC Of PCC panels in the project, which are prese nted as follows. 
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-The minutes of the Development Meeting on 29 Jul 2005 says that the Buchan's work 
was delayed for two weeks. The project team attributed the delay to the poor weather 
and the delayed delivery of the PCC floor panels: "... the panels are quite big and the 
wind was at some speed, so we could not lift the panels into the right place since it 
could lose control while lifting in such a wind' (NW), and "That was also to do with the 
problem with the floor planks, which were not manufactured in time to fit in with 
Buchan's programme" (JP). 
'Ibis suggests that, though the use of PCC panels could significantly reduce onsite 
duration, the realisation of the potential benefit requires more controlled cranage and 
better integrated programming. Also, the problems existed in the technical area, such as 
that "the opening sizes for some windows were wrong" (CI) and that "voids within the 
panels to accommodate services offered little flexibility for change" (III). The 
Architectural Technician also suggested that it "would be more helpful in the design 
stagefor a greater degree offlexibiliV'(NW). 
It appeared that the team understood that the underlying reason for these problems was 
due to a lack of understanding of the process and, consequently, the failure to resolve 
the problems at early design stage. The Managing Buyer of the Northern Subsidiary 
explained: "Predominantly, any problems stem from design issues not being resolved at 
an early stage, and this is not a constraint of the system but an issue that will be 
resolved with greater understanding of the process" (SQ. 
7.5. Z4 Baniers against the use of PCCpanels 
The barriers against the use of PCC panels in this project were largely identified 
through the workshop of the project team. A list of possible barriers were provided to 
the participants to indicate their attitudes to. The list integrated existing knowledge and 
the interim results from the study. The provision of the list improved the time-efficiency 
of the workshop event. An overall weighted score for each barrier (Figure 7.9) was 
produced by summing up the scores multiplied by the weights of the participants. The 
procedures of the calculation have been explained in Section 7.3.2.2. 
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Figure 7.9 Barriers against the use of PCC panels in D135: Overall weighted scores 
Lack of confidence from regulatory stakeholders 
(e. g. insurers, lenders, warranty providers) 
Nature of the UK planning systerr 
Fragmented industry structure 
Skills shortages 
Reluctance to innovate due to historic failures 
Risk averse culture 
Lack of previous experience with using MMC 
Higher capital cost 
W opportunity for conýponent repeatability in future 
Not possible for follow -on projects to use same 
processes 
Limited manufacturing capacity 
Unable to f reeze design early on 
Site constraints & logistics 
Complex interfacing between systems 
= 0.5 
=4jA; A 0.5 
0.4 
7777777108 
0.2 
,, -10.4 
= 0. 
:, ] 0.2 
:]0.2 
77,777-7, -7ýý 2.6 
11 
38 
012345 
Keys: 0- Not relevant; I- Somewhat significant; 2- Fairly significant; 3- Significant; 4- Quite significant; 5- Highly significant 
There was no a single factor being regarded as highly significant against the use of the 
PCC panels. The factor unable lofreeze design earl), on was claimed as quite significant 
(3.8). A few other inhibiting factors were also identified, but with much less 
significance. This included complex inlerfacing belvveensystems (2.9), high capital cost 
(2.6), limiled manufacturing capacity (2.6) and sile consfraints and logistics (2.3). The 
other factors provided in Figure 7.7, though highlighled by a participant or two, were 
generally regarded not as relevant to the case of this project. It must be stressed that in 
those barriers considered irrelevant were evaluate(] within the context of the project, 
which does not suggest that they are not significant on a generic basis. 
Comments made by the participants during the workshop clarify and support the plotted 
reSLIlts. The team agreed that the factor untible tofreeze design earl), on was significant. 0 
As to complex interfacing between systems, the Site Manager claimed that interfacing 
with cladding and brickwork was important bUt currently caused significant problems. 
The Architectural Technician eniphasised the significance of interfacing by providing 
two examples, first, the wall ties: "because you got to drill into the concrete and screw 
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the wall ties in", and second, window openings: "it (the wrong window openings) is an 
error between what has been made in the factory and what has been done onsite ... the 
panels arrived are not the same size of window openings ... you cannot just cut the 
openings because of the reinforcement around the openings. 771is cannot be authorised 
and is very inflexible" (NW). Site constraints and logistics was not a real barrier for the 
project except for the organisation of two cranes on site. The Architectural Technician 
highlighted the problem that the coverage of the two cranes overlapped and they could 
pass over with panels on. This brought in a potential danger, for which specific 
permission must be obtained and cautions be taken, which caused extra costs. 
As to the factor limited manufacturing capacity, the team appeared not to be worried 
about it though a moderate score of significance (2.6) was given. This was because they 
thought Buchan made their commitment to supply. The team was asked to comment on 
the proposal made by the group for Buchan to supply sandwich external wall panels. 
The team did not see much value from doing that for the reasons of technical difficulties 
and the lack of a market for sandwich panels. Similarly, the team claimed that the 
capital cost of PCC panels is "no more expensive than timberframe" but "pretty much 
the same". With regard to some highly claimed barriers in the industry, such as the 
nature of planning, skills shortages and the acceptance of insurers, lenders and warranty 
providers, the team regarded them as less relevant to the project. 
7.5.2.5 Strategies and learningpoints 
A key strategy appeared to be learning from the Sponcity project in which the same 
structural system was used. Though many of the project development team members 
changed, the staff at the director level remained the same. The approach 'Intervention 
Meeting' was claimed as the main mechanism for learning in the subsidiary, which 
aimed to deliver "the most cost-effective and best solution". The design team was 
claimed as the leading party for such a learning process. Another key strategy was 
processing the design early and involving the manufacturers and suppliers early. The 
main strategy taken for site management was claimed as involving subcontractors early 
and aligning their individual programmes to the master plan. In terms of learning points 
that could help fully realise the benefits of Buchan's panels in the future, the site team 
proposed to explore the potential of sandwich external wall panels since it would get rid 
of external scaffoldings. This could bring huge cost savings but also reduce heath and 
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safety risks (JP). The design team suggested taking the learning on processing design CICI Z, C, 
early to next project. The Development Coordinator (11-1) reemphasised that the wall ties 
should be built into the system. Though the team claimed compliance with building 
regulations as one of the main drivers for them to use offsite produced panels, they 
recognised that onsite work was still important to help realise the potential benefits. The 
design department was clearly concerned with that no system was available that can be 
bolted together onsite: "It was very unlikely to buy housing elements (? f' he she f and 
bolt thein together like cars" and that additional onsite work was still significant. 
7.6 The Need for a DST for Build System Selection 
Countryside had recently used a wide range of offsite techniques and systems (7.3.5) for 
housing construction. The company recognised the importance of selecting appropriate 
build systems. Some factors of consideration had been taken ou board. 
"We have tried and tested a variety of innovative construction techniques, ... The type and 
form of sustainable construction depends on a number of factors including site location, 
land topography, type of home s/propert ies being developed, construction time, our 
partners/clients and the skills available within the UK. " (www. countryside- 
properties. conVconstruction-innovation, 131/05/06]) 
However, the company's current decision-making approach for build system selection 
(Table 7.16) was regarded as inappropriate to reflect its strategic commitment to the C, 
take-up of offsite. Strong aspirations (Table 7.16) of improving the approach to hLIiId 
system selection existed among many senior managers. 
Table 7.16 Current decision-making for BSS and aspirations for improvement 
Current decision- making for BSS Improvements aspired after 
A inlin jcliancc ()if heuristic decision-making A nanspinent, structured proces,, for BSS 
Mainly on indiVidl. lid jUdgment ofa small 111.1111her The process is available an(] accessible to all so 
of people, e. g. estimator. designer inputs can be widely made 
13SS COJI(IOCIA ý11 OIC of I)IC ('011-SULICtion, 110t A high- level cliccklist lot integiating ()t I. sitc into 
its early its at basic house type deskni househuildi fig business, showiliv illiglinicni of 
slage-ieviews between (Af.,, ite and houschuilding 
Some simple tools, e. g. Estimate Workbook, had Identification of all the factor-, of consideration for 
hPon used bv the Northwest Subsidiarv. However. BSS 
they were constrained to departmemal views and a 
lot non-cost factors were not considered 
Anecdotal evidcncc, ý iii peopIc's mind bul no 
mechanism exisl,, for inforniatimi di,, semination. 
Proiects data/files not well alchived. 
A databaw ofpci formance measurement ol'build 
systems 
factors may be identified but not really taken in, criteria for decision support; 
e. g. H&S, sustainability Quantification of qualitative factors 
Current decision-making depends on learning 1. ý. ncouraging organisational learning and providing 
experience from previous projects. facilities for information sharing. 
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The aspirations had been integrated into the 'Guide for Design'. To achieve the 
improved decision-making approach for build system selection, the company aspired to 
map decision criteria, to provide weighted scores against design criteria, and, thus, to 
highlight preferred building solutions for specific projects. The approach was expected 
to be regularly updated to enable Land Buyers and Development Surveyors to 
confidently negotiate preferred build solutions with land agents, local planning 
authorities and stakeholders. The current decision-making approach and the company's 
aspirations for improvement, together, presented a case for developing a decision 
support tool for build system selection. This is significant given that there is also very 
limited amount of knowledge available, at the moment, regarding build system selection 
in the housebuilding industry overall (4.4.2). This knowledge gap, coupled with the 
importance of build system selection in project deliveries (4.4.1) and the significance of 
the current housing supply (3.2), emphasises the need for a strategy for improving the 
decision-making. This need, in the form of Objective 5 and 6 (see 1.3.2), is addressed in 
Chapter 8 which presents the development and subsequent validation of such a decision 
support tool. 
7.7 Summary 
Drawing on the - research design and methodology (Chapter 5) and the theoretical 
framework (Chapter 2,3 & 4), this chapter has presented the analysis and results of the 
case study research. The chapter has contextualised the results from the housebuilder 
survey (Chapter 6) into housebuilding organisational. practices. It has identified the 
drivers for, the barriers against, and the strategies for optimising the use of offsite from 
the group, subsidiary and project level of the case company. This three-level 
investigation has presented a rich organisational context for fully understanding the case 
of utilising offsite in housing construction. The fundamental driver for the housebuilder 
to consider using offsite was to improve business efficiency and long-term profitability. 
The chapter has also investigated the decision-making process within the organisational 
context and demonstrated a good practice of aligning the use of offsite with general 
housebuilding business processes. The high-level checklist developed has provided a 
strategy, through the five stage reviews, to optimise the use of offsite in housing. The 
chapter has therefore addressed the third research question (1.3.1) and achieved 
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Objective 4 (1.3.2). It has also answered further the first two questions and fulfilled 
Objective 2 and 3 by providing an in-depth organisational account in relation to the use 
of offsite. The chapter has finally examined the current approach for build system 
selection of the case company and their aspirations for improvement, and, thereby, 
presented a case for developing a decision support tool for build system selection. The 
tool is presented in the next chapter (8). 
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8 BSS DEVELOPMENT & VALIDATION 
8.1 Introduction 
The literature review (e. g. 4.4.4) has presented the need in the industry for a decision 
support tool for build system selection. The case study chapter (7) has, subsequently, 
investigated the decision-making for system selection within the organisational context, 
and accordingly, revealed a set of aspirations for a structured, robust, transparent 
approach (7.6). This chapter presents the decision support tool for build system 
selection (BSS) which has been developed from the literature review and the case study. 
The tool comprises eight steps from establish context, identify options, identify criteria, 
weighting, scoring, combine weights and scores, examine results to sensitivity analysis. 
The presentation of each step is organised in two main parts: first, the generic 
description of and argument on the step and sub-steps, and second, the presentation of 
the analysis and results on build system selection from the case study. The chapter then 
presents the analysis and results of the validation of the tool. This includes the 
validation by current decision-makers with a focus on the data provided in the tool, and 
the validation by decision-makers of the future with a focus on the methods used. The 
tool provides a logical, structured, transparent model for decision-making, and also 
supplies valuable data for build systems selection. The model base and the data base 
were tested for their validity and robustness through industry practices and academic 
scenarios. An industry version of the tool has been provided to the case company. While 
the industry version focuses on presenting and illustrating the tool, for specific use, in a 
more practical way, this chapter focuses on introducing, rationalising, justifying and 
describing the tool for the purpose of contributing knowledge to a wider context. The 
validated tool will be considered as part of the overall discussion with existing 
knowledge (Chapter 9). 
8.2 Main Activities for Developing the BSS Tool 
The main activities that contributed to the development of the BSS tool include the 
review of existing knowledge, the case study of Countryside, the consultations over the 
decision support process and two pilot studies of the weighting methods used in the tool. 
The case study of Countryside for BSS is integrated into the presentation of the tool 
later in this chapter. The consultations and the pilot studies are presented in this section. 
212 
Chapter 8- BSS Development & Validation 
Review of existing knowledge 
The need for a decision support tool for build system selection has been presented ill 
both the industry context (e. g. 4.4.4) and the organisational context (e. g. 7.3.11). The 
development of this tool has integrated the existing knowledge of decis imi -making (4.3) 17,1.., 
and build system selection (4.4), and the researcher's reflections and ideas generated 
during the research process. 
Case study on Counin, side Properties 
Arguably, the whole case Study has contributed to the development of tile BSS tool. For 
instance, the study at the project level has identified the main factors of consideration 
for selecting systems and collected relevant feedback from project teams. The Study at in 
the subsidiary and group levels has established the decision context. However, BSS as a 
tool was mainly developed through a set of research activities at the group level. This 
included regular meetings with the Change Agent, two workshops with the BSS 
development team, and a few mectings/discussions with relevant staff of the company 
(see Appendix C for the details of the events). The main participants it) the development 
of the BSS tool and their main contributions are provided in Table 8.1. 
Table 8.1 Main participants in the BSS development arid their contributions 
Participant* Nature Contributions to the development of the BSS tool 
SR Change Agent Organising the meetings/workshops; 
Discussing/commenting on the tool overall and detailed steps; Provicling/sourcing all type, of information required. 
AS Group Technical Manager Providing technical info on the build systems; 
DiSCUSSing/commenting on the tool overall and detailed steps, 
RS Senior Estimator (Northern) Providing into from estiniator'ý; point of view, 
Dif; cLi,, sirig/(; ortiryi(! riting ori the tool overalland dotailed ý; teps. 
AD Sustainability Manager Providing into on the issue of sustainability; 
Discussing/commenting on the tool overall and detailed steps, 
BF Risk Management Manager Providirig irrio on the aspect of conirfiercial riý; k niariagernent, Discu, yw ig/cot tin wirtir ig on the tool overall. 
GE Associate (Structural Providing info on the build systems; 
Engineer, Whitbybird) Discussing/commenting on the tool overall and detailed steps. 
PC Senior PM (Cost consultant, Providing info on the cost aspects of the build systems. Davis Lanadon) 
* Only the main pailicipants aic includcd. A fUll IiSt Of I)C()I)IC WhO IN1111CII)a1ed in II)c study is Inovided in Appendix C 
Consultations and pilotstudies 
Three consultations with experts in the area of decision support and two pilot studies of 
weighting methods (Table 8.2) were carried out. This anned to invite comments on and, 
thus, verify the initial BSS process and the weighting metliods used in the tool. The L, 
wei(Thtinc, methods studied included Top-down Direct Ratino (TDR), Bottoin-up Direct 
Rating (BDR), Point Allocation (PA) and the Analytical Hierarchy Process (AHP). 
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Table 8.2 Participants in the consultations/pilot studies 
Participant Nature Contributions to the development of the BSS tool 
JYL Professor of Operations Commented on the overall decision support process on which 
Management, the Business BSS is based; discussed about the detailed methods used in 
School, with expertise in BSS, including weighting, scoring and combining weights and 
decision support modelling scoresý provided relevant literature documents 
IVIS Lecturer in the Business Explored the spectrum of weighting methods by introducing 
School, with expertise in more methods; helped clarify the nature of measurement; 
scaling and decision modelling discussed scaling models; provided relevant literature 
documents 
SP Survey Consultant, with Discussed the approach MCDA and detailed weighting & scaling 
expertise in MCDA, involved in methods. provided relevant literature documents 
similar studies 
RS Research Associate in the Pilot studied the weighting methods: TDR, BDR, PA; 
same Dept, having studied commented on weighting methods general; discussed over 
weighting/scoring methods scoring and scaling 
HPIL Finakyear PhD student in the Pilot studied the weightiriq niethods TDR, BDR, PA, 
sar-ne Dept, using commented on weightirig niethods general, discussed over 
weighting/scoring methods in scoring and scaling; shared with each other relevant literature 
his study as well. documents 
The participants' cornments were analYsed manually (5.8.5) and presented as follows. 
1) Overall decision support process 
It was claimed that there was generally no structured thinking for decision-making in 
the construction industry at the moment and current decision-makinC. ', practices were not 
transparent at all. It would be useful, but challenging, to structure the process in a 
scientific way. 
2) Top-down Direct Rating (TDR) vs. Bottom-up Direct Rating (BDR) 
There were no substantial differences between the inethods TDR and BDR. Both were 
conducted through paired comparisons using a single benchmark. Both were simple, 
logical and easy to use. Both required (n-1) mimbers of paired comparisons. Both 
required the procedure of normallsation to deliver weights. I lowever, by using TDR, the 
most important one was required to be identified first, whilst, by using BDR, the least 
important one was chosen first instead. The participants suggested that decision-makers 
should choose to use the method with which they feel more confident. Also, decision 
Cil'CLU n stances needed to be taken into account since the most important criterion might 
be easier to be identified first under sorne circumstances, and vice versa. 
3) Point Allocation (PA) 
It was claimed that, by using PA, decision-makers needed to rank criteria first and 
allocate an appropriate portion of 100 points to each criterion. During the process, 
decision-makers needed to adjust the points to sorne criteria to ensure the surn was 100. 
This adjusting process was likely to produce conflicting weights. This Would inake 
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decision-makers sacrifice some extent of validity of their preferences to achieve-a sum 
of 100, particularly, when decision-makers were doing a large amount of point 
allocation tasks. Therefore, the use of PA could be more demanding than that of TDR 
and BDR. An effective use of PA would require that decision-makers have right 
knowledge and information and are in the position of making decisions. However, the 
good side of using PA was that there was no need to normalise the points. Results 
obtained could be reviewed by decision-makers immediately after the weighting 
exercise, which was more direct and flexible than the direct rating methods. Both the 
participants and the researcher agreed that decision-makers would normally feel more 
confident and find it easier to identify the most or least important criterion and use it as 
a benchmark. In this sense, the weights elicited using paired comparisons seem to be 
more reliable than that produced by using PA. However, generally speaking, it would be 
easy to weight using PA when the number of criteria is three or less. The end-user might 
be able to weight four numbers of criteria by using PA. However, it would certainly 
become difficult for the end-user to weight five or more criteria by using PA for the 
reasons given above. TDR and BDR should be applied when the number of criteria 
climb up to five or bigger. However, when the number became huge, more sophisticated 
weighting methods should be considered. 
4) Analytical Hierarchy Process (AHP) 
It was claimed that the method ABP would simplify complex decision problems into a 
series of paired comparisons. The process would be highly effective but require tedious 
work. ABP was suggested for weighting the criteria at the objective level only. 
5) Combined use of weighting methods 
The participants suggested that combining multi weighting methods would better 
address a large number of decision criteria and ease the process. However, the number 
of methods should be no more than three. This was to reduce weighting workload and 
keep the knowledge requirement for using the methods as low as possible. The pilot 
studies show that, for simplicity, Equal Weights (EW) can be allocated to the sub- 
criteria at the third level if their 'parent' criteria are not dominant. To specify a 
'threshold' weight helps with the process, i. e. if the absolute weight of any criterion is 
less than the threshold weight, no formal methods are needed for weighting its sub- 
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criteria. Instead, equal weights can be provided. This will reduce the weighting 
workload but not sacrifice the validity of data. 
6) Scoring/scaling methods 
It was claimed that people would normally feel more confident and comfortable to 
provide measurements in verbal expressions than in scores. The design of any scales for 
measurement should therefore be verified by the end-user. The scales used for 
transforming verbal assessments into scores are highly context and end-user specific. 
They should be reviewed against any changes to the decision context or decision- 
makers. 
The data collected from the consultations and the pilot studies increased the researcher's 
understanding of the process and the methods. The learning was integrated into the 
development of the BSS tool. 
8.3 An Overview of the BSS Tool 
BSS is a decision support tool for housebuilding organisations to select appropriate 
build systems for their housing projects. It provides a structured, robust and transparent 
approach to decision-making. The tool is proposed for use at early design stages by key 
project team members within their organisational context. Conventional decision- 
making simply takes material, labour and transportation costs into account when 
comparing various build systems, whilst other sources of value, including other cost- 
related items and the softer issues that are not always evaluated in monetary terms, such 
as health and safety, process and procurement benefits, are either implicit or overlooked 
within the selection exercises (Blismas et al., 2006; Pasquire and Gibb 2002). Also, 
there may be several driving forces for using offsite in a project, such as speeding up 
build time, improving quality, reducing health and safety risks, limited site space, etc. 
When different build systems offer different advantages to achieving some of the 
drivers, it is difficult for the project team to make a rational selection. BSS was 
developed to address this significant deficit within the housebuilding industry, by 
ensuring that decisions regarding build system selection are based on structured, 
transparent and value-based assessments. The tool identifies a wide range of criteria that 
need to be considered for making decisions and provides a framework within which 
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decision-making is supported. The tool provides more than 50 decision criteria grouped 
under eight headings, user-defined weighting and scoring methods and decision 
outcomes to user requirements. The tool was designed to integrate risks and 
uncertainties and to address the nature of offsite techniques and the context of 
housebuilding business. 
In addition to offering an improved process for decision-making, the BSS tool also 
provides a series of databases which store data/information on using offsite technologies 
in housebuilding. They include databases of decision criteria, weights of criteria, 
performance measurements of build systems on a generic basis, and decision-making 
records of past projects specifically. This can help prevent repetition of mistakes, reuse 
best practices while reducing costs and improving consistency, train new staff, and 
preserve the company's expertise as key employees may leave the organisation (Egbu et 
aL, 2005). However, the tool, in its current version, does not provide a user-friendly, IT- 
based interface, which is recommended for future research (see 1.3.3 and 10.8). 
The literature review chapter (4) has examined the existing body of knowledge of 
decision-making on a general basis (4.3) and in build system selection particular (4.4.2). 
That chapter has also discussed the use of a wide range of decision-making methods and 
techniques (4.3.3). Within this theoretical framework this section presents the BSS tool 
which comprises eight main steps, each including a number of sub-steps (Figure 8.1). 
The design of the steps was based on the approach of Multi-Criteria Decision-making 
Analysis (MCDA) (see 4.3.1; e. g. Dodgson et aL, 2000). The steps and sub-steps are 
justified and explained in the following sections. 
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Figure 8.1 An overview of the BSS too] 4-1 
Build System Selection (BSS) Tool 
Steps Supportive techniques 
(Sub-steps incorporated) 
Value tree 
Stakeholder Analysis 
Workshop 
SWOT analysis 
PESTEL analysis 
Structural sifting 
Value tree 
Workshop 
---*c 
c 
TDR, BDR, PA, & AHP 
Dominance Checking 
Weighted Scoring 
Linear Additive Model 
-- 
matrix 
frmance 
. 
Ehted 
scorin 
-- 
matrix 
---------------- 
Notesý The logic flow shown in the model does not imply that the steps must be carried out sequentially. Some of them, in 
effect, are overlapping and interactive. 
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8.4 Step 1- Establish Decision Context 
Decision context is defined in the DTLR Multi-Criteria Analysis Manual as "the whole 
panoply of administrative, political and social structures that surround the decision 
being made" (Dodgson et al., 2000: 26). Central to this are the objectives of the 
decision making body, the administrative and historical context, the set of people who 
may be affected by the decision and an identification of those responsible for the 
decision. Step 1 of the BSS tool includes four sub-steps, namely, establish objectives, 
identify people, design the social-tech system and consider the context. They are 
presented as follows. 
8.4.1 Establish Decision Objectives 
Decision objectives should be specific, measurable, agreed, realistic and time-dependent 
(Dodgson et al., 2000). It is sometimes useful to classify objectives according to their 
level of importance. The Treasury Green Book (HM Treasury, 1997) distinguishes 
between ultimate and immediate objectives. The book defines ultimate objectives as 
being usually framed in terms of strategic or higher-level variables, such as the level of 
economic growth, social cohesion or sustainable development, and immediate 
objectives as those which can be directly linked with the outputs of the policy, 
programme, or project. For establishing decision objectives another critical 
consideration is to clarify whose objectives to establish. These 'considerations help 
define the tasks for subsequent steps and keep analysis on track. In the case of 
Countryside, the 'ultimate objective' was to improve business efficiency and long-term 
profitability (see 7.3.3 and 7.3.4). The immediate objectives included to increase design 
standardisation, to benchmark good practices among the group, to reduce business risks 
and to ensure time and cost certainties (see 7.3-3,7.3.4 and 7.3.7). The industry and 
corporate context for using offsite had been taken into account for the establishment of 
the decision objectives. This included the Egan Report (1998) and the CIRIA Offsite 
Project Toolkit (Gibb and Pendlebury, 2005) in the industry domain, and company 
documents such as the 'Guide for Design' and the ESE Review in the corporate context 
(Table 8.3). Objectives might not necessarily be of the same level of importance. Some 
may be broken down into sub-objectives. A value tree hierarchy (see Keeney and 
Raiffa, 1976; MustaJoki et al., 2006) helps with the process of establishing objectives. 
This is further explained in the later steps of the tool. 
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8.4.2 Identify People Involved in the Decision-making Process 
It is important to identify those who can make a useful and significant contribution to 
the decision-making process. These people were called 'key players' in Dodgson et aL 
(2000) to represent all important perspectives on the subject under decision-making. 
One important perspective is that of the final decision-maker and the body to whom that 
person is accountable, because it is their organisation's values that must find expression 
in the decision-making process. These people are often referred to as stakeholders, 
people who have an investment, financial or otherwise, in the consequences of any 
decisions taken. They may not physically participate in the process, but their values 
should be represented by one or more key players who do participate (ibid). The method 
of stakeholder analysis (Newcombe, 2003) and stakeholder mapping (Johnson and 
Scholes, 2002) have been regarded as important means to identify stakeholders' 
interests and influences in project delivery. The same approach was applied in this case 
to help with the identification of decision-makers and stakeholders (Figure 8.2). 
Figure 8.2 Model of housebuilding stakeholders 
Internal stakeholders Housebullders Ca 
_Loýmpany 
CLovemance 
Land 
Business partner7s 
-- 
- -q ýevelopment External designers __ 
-JExtemal Design Manufacturers & 
suppliers 
2onstruction 
Housebuilding Sub contractor, . 
stakeholders 
-- 
-H& S 
En -EEnd market 
End us TrWý-- 
Quantity survey Purchasers 
Planners --E 
Buying 
Statutory & Marketing & Sales 
regulatory 
stakeholders I r customer service I 
After care_ 
Lende 
-I---s-olic I t-ors --I 
Note: This model is provided from thd perspective of housebuilders. 
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8.4.3 Design the Social-Technical System for BSS Implementation 
A social-technical system (see Dodgson et al., 2000) should be designed to conduct the 
decision-making process for build system selection. The social aspect of the design 
explains when and how the stakeholders are to contribute to the decision process, whilst 
the technical aspect explains what form of decision-making process is to be used and 
how it will be implemented. These two aspects were considered together in the study to 
have ensured the achievement of the decision objectives of the company (8.4.1). Several 
meetings were organised, with the Change Agent and some departmental managers and 
staff to help design the system in the study. Relevant external consultants to the 
company were also involved to supply technical information and comment on the 
desigrL 
8.4.4 Consider the Context of Decision-making 
Considering the context has been mentioned in the early sections (e. g. 8.4.1), but this 
section provides a structured approach for understanding and analysing the context for 
the decision-making in build system selection. A set of 'warm-up' questions should be 
asked. Answers to the questions and the process of answering help clarify the setting of 
the decision-making and increase understanding of the issue. The questions fall into the 
aspects of internal and external context as provided in Table 8.4. 
Table 8.4 Questions to be asked for understanding the decision-making context 
Internal context-related External context-related 
" What goals are to be achieved? * What is the current external situation? 
" How can an improved approach to build system 0 What opportunities exist in the market? 
selection help achieve the goals? 0 What threats could create further obstacles? 
" What are the drivers for developing the 0 What are the current approaches taken by other 
approach to build system selection? companies? 
" What are the barriers against improving the 0 How is the current Government policy context? 
approach to build system selection? And what will be the possible changes to that 
" What are the strengths of the current approach policy context? 
to the decision-making? And what are the 
weaknesses? 
Two particular methods help understand the context. One is the SWOT Analysis, 
standing for Strengths, Weaknesses, Opportunities and Threats (see e. g. Langford and 
Male, 2000; Lynch, 2003). The other is the PESTEL Framework (see e. g. Johnson and 
Scholes, 2002) or the PESTEL Analysis as called by Lynch (2003), standing for 
Political, Economic, Social, Technological, Environmental and Legal. A SWOT 
analysis summarises both the external environment and internal strategic capability of 
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an organisation, whilst the PESTEL framework analyses the external, broader 
environment surrounding the organisation (ibid). With a better understanding of the 
decision-making context, more appropriate options could be generated by which to 
make the best of strengths, avoid weaknesses, grasp opportunities and minimise threats. 
It must be emphasised that all of the facets covered by the two methods are all dynamic 
and developing. The decision-making process should be kept open and reviewed on a 
regular basis to reflect changes to the objectives and options. The method of Scenario 
Analysis (see e. g. Lynch, 2003) helps with this process. The method can also help 
decision-makers better appreciate uncertainties and risks and, thereby, make their 
process more flexible and robust. This is integrated into the later steps of the tool. 
8.5 Step 2- Identify Options for Achieving the Objectives 
This step is to identify the options that contribute to the achievement of the decision 
objectives. There are currently over 300 offsite manufacturers and suppliers in the UK 
providing a large number of offsite systems/techniques (Venables et al., 2004). Options 
range from manufactured components and sub-assembly to whole modular building 
(2.6). To identify alternatives from such a huge number of options may seem 
overwhelming. The techniques provided below help. 4ddress this difficulty. 
Use 'Structural Sifting'first 
It is unnecessary to input efforts into gathering data about the build systems which are 
clearly infeasible or unsuitable for the housing scheme under consideration. For 
example, Countryside considered that timber frame solutions were currently not 
applicable for building apartment blocks which were higher than six storeys. This was 
because of the issue of progressive collapse associated with the use of timber frame. 
Again for technical difficulties, Structherm, one of Countryside's suppliers, did not 
recommend PCC panel systems for any construction higher than five storeys, but for 
this reason they lost a project opportunity with Countryside. These two examples 
illustrate that the identification of optional build systems should take into account some 
'threshold' criteria against which the first sifting of options can be done. In this regard, 
the method of 'Structured Sifting' may be used. This requires some basic criteria to be 
made available, against which a shortlist of build systems can be produced. 
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Build a database of build systems 
It is also unwise to identify options from scratch for every housing scheme. Building a 
database of build systems helps simplify the process. It also provides decision-makers 
with performance evidence of the options from past projects and records of previous 
system selections. The importance and potential benefits from building such a database 
had been recognised by Countryside. The BSS tool, the system performance matrix in 
particular (8.9), would form a basis for the database. 
Develop new options1hybrid systems 
Going through the steps of the BSS tool may demonstrate that none of the initial options 
is acceptable. If this happens, fresh ideas and creative thought are needed. First, the 
decision process should be reviewed by going over the steps of the tool to find out why 
the options are not qualified. Meanwhile, the process should be kept open to any other 
new options or new combinations of existing options. The use of hybrid systems may 
combine the strong points of one option in some areas with the strong points of another 
in different areas. The combination of panellised systems and bathroom and kitchen 
pods exemplifies this approach. 
In the study of Countryside, a list of optional build systems (Table 8.5) had been 
provided for the case of apartment construction through the consultancy with 
Whitbybird, the Structural Engineer. 
Table 8.5 Build systems of Countryside for the study 
For apartments Traditional Traditional PCC cross Steel frame, in situ nc 
RC flat with 
(heiaht) B&B timber frame wall PCC floor post-tens 
Case 2 (11-18m) 
Case 3 (18-30m) 
The list of systems was reviewed against the decision objectives established in Step 1 of 
the tool. Options are important only for the value they create by achieving decision 
objectives. Objectives should be considered first, particularly when options are not 
specified and have to be developed. However, sometimes, decision objectives are too 
generic and high-level to enable the effective measurement of options. The next step 
transforms decision objectives into a series of decision criteria. 
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8.6 Step 3- Identify Decision Criteria 
Step 3 is to identify decision criteria against which to measure the performance of 
options. This section presents an overall top-down approach and three sub-steps to be 
taken for the identification of decision criteria. 
8.6.1 OveralI Top-down Approach 
By going through Step I and 2, the decision context will have been established and 
options been identified. Step 3 identifies decision criteria. Criteria are the measures of 
performance by which options will be judged. Criteria are specific, measurable 
objectives. They are the 'children' of higher-level 'parent' objectives, who themselves 
may be the children of even higher-level parent objectives. Criteria express the many 
ways that options create value (Dodgson et al., 2000). Dodgson et al. suggested two 
overall approaches for identifying decision criteria: bottom-up and top-down. If options 
are already given, then a 'bottom-up' method to identify criteria is to ask how the 
options differ from one another in ways that matter. A 'top-down' approach is to ask 
about the aim, purpose, mission or overall objectives that are to be achieved. Sometimes 
overall objectives are given. In this study the 'top-down' approach was more 
appropriate for the case of selecting build systems. This was because there had already 
existed performance objectives in the industry overall and benchmarking KPIs targets in 
the case company particular. 
8.6.2 Derive Criteria 
In this study, the industry and organisational context for identifying decision criteria 
were identified by using the 'top-down' approach (see Table 8.6). At the industry level, 
there have been considerable calls for improving efficiency and quality since the 
publication of the Egan Report (1998). The table presents the key criteria specified in 
the Egan Report (1998), the KPIs for new build in the Housing KPIs Toolkit 
(Constructing Excellence, 2004e) and the drivers for and-constraints to standardisation 
and pre-assembly provided in the CIRIA Offsite Project Toolkit (Gibb and Pendlebury, 
2005). The results of the drivers for and barriers against the use of offsite-MMC from 
the top 100 housebuilder survey (Chapter 6) are also included. 
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In the organisational context, housebuilders have to consider a variety of factors, not 
just time, cost and quality as traditionally thought, in order to win customers and elicit 
long-term profitability. Accordingly, the table presents Countryside's responses to the 
housebuilder survey, the results from the two project case studies (SC4 and DB5, see 
7.3), and the design criteria and supply chain management factors provided by its 
structural consultant. The comparison between the criteria existing in the industry and 
organisational context clarified the setting and enabled the identification of the decision 
criteria for build system selection. 
Through the process 51 criteria were identified under the eight headings of time, cost, 
quality, health & safety, sustainability, process, procurement and statutory & regulatory 
acceptance. It would be extremely difficult and unwise to weight such a large number of 
criteria at the same level. The next sub-step addresses this by clustering the criteria. 
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Table 8.6 Industry and organisational context for identifying decision criteria 
Egan Report 
(1998) 
To improve the 
quality and 
efficiency of UK 
construction 
Housing KPIs 
(Constructing 
Excellence, 2004e) 
Ke 
,v 
Performance 
Indicators for new 
build 
CIRIA Offsite Project Toolk-it 
(Gibb and Pendlebury, 2005) 
Driversfor and constraints to 
Standardisation & Pre-asseinbl) 
The results of the survey 
of the top 100 housebuilders 
Drivers (6.3.3)Jbr and barriers (6.3.4) against the 
use of offsite-MMC in the leading housebuilders 
C untryside*s 
response to the 
survey 
Considerations 
(drivers & barriers) 
for using offsite- 
MMC 
Results or two project case 
studies (Sporteity & Didsbury) 
ConsiderationsJor using 11CC 
wall panels (Buchan) and 
nieasures 
Advi, e rom cxterna 
Consultant (Whithybird) 
Oesign criteria 
Factors of consideration 
regardingsupply chain 
" Capital cost 0 Client Health & safety drivers Site constraints Drivers (descending Barriers (descending Drivers ('important' Estimate 
-Workbook(largely Structural design 
" Construction satisfaction - Reducing health and safety 0A problem transporting or importance) significance) and 'very 
from the aspects of cost and 0 Mininlising transfer 
time product risks delivering manufactured 1. Achieving high I. Higher capital cost important') programme) structure 
" Predictability 0 Client Cost drivers products to site quality 
2. Difficulty to achieve As shown in the 0 Hurdle level 0 Simple structural grid 
(on time and satisfaction - 0 Ensuring project cost certainty 0 Limitations to movement 
2. Minimising onsite economics of scale survey column: No. 0 Cost and services 
cost) service * Minimising non-construction of pre-assembled units 
duration 3. Complex interfacing 1,2,3,4,5,6,8,9 0 Cost certainty containment/ 
" Defects 0 Defects costs around site 
3. Ensuring time between systems and 11. 0 Elements contained within distribution 
" Accident 0 Predictability - * Minimising construction costs 
Process constraints certainty 4. Unable to freeze system and extra elements 0 Cost at time of' build 
" Productivity time 0 Minimising overall life cycle 
Short overall time scales 4. Reducing health & design early on required (impacts on cost) 0 Repetitive cladding 
" Turnover and 0 Predictability - costs 
Unable to freeze design safety risks 5. The nature of UK 0 Programme system regarding 
profits cost Time drivers early enough to suit pre- 
5. Addressing skills planning system Barriers 
' ' - 
Interfaces with other build window sizes and 
0 Profitability * Ensuring project completion assembly 
shortages 6. Manufacturing ( significant and 
' ' elements 
(cladding, flooring, column distances 
0 Productivity date is certain Limited capacity of 
6. Ensuring cost capacity highly significant ) plastering etc) 0 Standardised floor to 
0 Safety 0 Minimising onsite duration suppliers 
certainty 7. Fragmented industry As shown in the 
l - All 
0 Requirement for equipment floor heights 
0 Construction cost 0 Minimising overall project time 
Not possible for follow-on 
7. Revisions to Building structure 
Regulations 8. Site constraints and 
survey co umn 
except for No. 5,14, 
(e. g. T/C) 0 Identical stair lift 
i 
0 Construction time Quality drivers projects 
to use the same 
processes 
8. Restricted site transportation 15 and 16. 
. Quality, e. g. structurally 
soundsu port solution'? 
ce cores serv 
0 Building Regs, Part A, " Achieving high quality 
" Achieving predictability of No opportunity 
for specifics 9. Risk-averse culture 
Reducing I O. Attitudinal barriers 9 
p 
0 Fire protection requirement 13, F, L and M 
quality component repeatability on . environmental impact due to historic failures * 
Part E Fire design 
this or future projects " Achieving performance during construction I I. Skills shortages a 
Supply 9 Length of corridors 
predictability throughout the 
Procurement constraints 
h I 
O. As part of company 12. Clients' scepticism 
0 Building height 
M&E desi n ave team mem 
. 
bers lifecycle Project 
I strategy 
13. Lack of previous Build System Selection Matrix 
g 
. Sustainability drivers no previous experience of I I. Maximising experience with using - Technical conformance, 
Renewable energy and 
" Reducing environmental 
S&P 
environmental off. site-MMC storey, height sustainability 
impact during const Obliged to work with a performance for the 14. Organisational 0 Build cost 
Offsite prefab main 
" Maximising environmental perf particular supply chain lifecycle mechanism 9 Cost certainty (less containment 
routes 
' 
throughout the lifecycle . Not willing to commit to a 12. Clients' influences unfavourable with system/element to control) 
External fabric of 
" Implementing Respect for single point supplier 13. Government offsite 0 Speed of construction 
building 
People principles 0 Obliged to accept 
lowest promotion 15. Reluctance to - Time certainty 
Bath/ kitchen stacks 
Site drivers cost rather than best value innovation 0 Simplicity of work (more Floor to ceiling heights 
" Restricted site layout or space Key 
decisions already 16. The fact of generating /less elements to control) 
in corridors 
" Multi trade interfaces in made preclude 
S&P profit from land Supply chain 
restricted work areas approach acquisition rather 
than 0 Previous experience * Availability 
" Limited or very expensive 
Limited expertise in offsite build process 0 Data available (cost, time) 0 Manufacturing 
available skilled onsite labour 
inspection 17. Legal issues * Learnilig possibility Capacity 
" Live working environment 
Early N. Lack of long-term 0 Repeatability of use 0 Competency 
limits site operations construction/manufacturing 
cooperation between 
" Site restrictions by external 
expertise and advice project teams 
unavailable parties Obliged to accept element- 
s2ecific costing 
227 
Chapter 8- BSS Development & Validation 
8.6.3 Cluster the Criteria 
Clustering criteria may be referred to as grouping criteria or structuring a value tree. It 
helps group criteria into several sets that relate to separate and distinguishable 
components of the overall objective. This is particularly helpful if the emerging decision 
structure contains a relatively large number of criteria. Dodgson et al. (2000) suggested 
that the main reasons for grouping criteria were: 
e to help the process of checking whether the set of criteria selected is appropriate 
to the problem 
to ease the process of calculating criteria weights. It can sometimes be helpful to 
assess weights firstly within groups of related criteria, and then between groups 
of criteria. 
to facilitate the emergence of higher level views of the issues, particularly how 
the options realise trade-offs between key objectives. 
to help organise the criteria and objectives and subsequently facilitate scoring 
the options on the criteria and examining the overall results at the level of the 
o ectives. 
to highlight the conflict amongst the objectives and lead to refining their 
definitions. Making the value tree explicit and displaying it may stimulate 
thinking about new options that could reduce the apparent conflicts between the 
objectives. 
In the study, all of the criteria identified were clustered under the eight main headings 
(8.6.2). 'Mese main headings were the key areas where the decision objectives (8.4.1) 
focused. They are referred to as the decision criteria at 'the first level', or the objective 
level, of the value tree. They were broken down into 'the second level', which 
comprised 35 criteria (Figure 8.3). These criteria at the second level are referred to as 
the main criteria. Some of the main criteria were further broken down into 'the third 
level'. These criteria at the third level are referred to as the sub-criteria. Consequently, 
51 criteria were obtained at the bottom of the value tree (Figure 8.3). These criteria are 
to be taken against which to measure the performance of the build systems. 
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8.6.4 Assess the Criteria 
The decision criteria and the hierarchy presented in the preceding section are the final 
outcomes from the case study of Countryside. The process of identifying and clustering 
the criteria actually involved a lot of iteration and modification of interim results. The 
assessment of the interim results of the criteria used the following quality criteria 
provided by Dodgson et al. (2000). 
Completeness 
It is not necessarily obvious from the beginning what the important criteria are. The 
following questions help check the completeness of criteria: 
9 Has any major category of performance been overlooked? 
e With regard to each group of criteria, have all of the criteria necessary to 
compare the options' performance been included? 
9 Do the criteria capture all of the key aspects of the objectives identified at the 
outset of the process? 
Redundancy 
This is to check whether any criteria are relatively unimportant or simply duplicate of 
others. If so, they can bedeleted or integrated together. A criterion can also be deleted if 
it seems that all available options are likely to achieve the same level of performance 
against it. Deleting the criterion in this situation would not affect any ranking of options 
but economise on input. However, the deletion should be approached with care for three 
reasons. First, it has not yet been formally assessed how well each option will perform 
against the criterion concerned. Second, it may be that at a later stage new options come 
into consideration which do not perform the same as others do. Tbird, both decision 
context and the performance of options could be changing over time. 
Operationality 
It is important that each option can be measured against each criterion. The 
measurement may be objective using some commonly shared and understood scale of 
measurement, like cost or time. Also, it can be subjective, reflecting the judgment of 
decision-makers. A strength of the BSS tool, which is based on MCDA theories, is its 
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ability to accommodate these two types of measurement. However, criteria must be 
defined clearly enough to avoid confusion or misunderstanding. 
Mutual independence of preferences 
The BSS tool was designed to provide a structured, transparent, robust and easy-to-leam 
approach for build system selection (7.3.11). To help achieve this, an additive approach 
for calculating weighted scores was used. This requires decision criteria to be mutually 
independent of preferences. The independency of preference can be checked by asking 
"Can preference scores be assigned for the options on one criterion without knowing 
what the options' preference scores are on any other criteria? " If the answer is yes, then 
this criterion is preference independent of others. The question then is asked for each of 
the remaining criteria in turn. If the answer is always yes, the criteria are considered to 
be mutually preference independent. If the answer is no, it may be necessary to use 
more complex models for combining scores across criteria. Two approaches help avoid 
the problem: the first, to combine the two criteria that are not preference independent of 
each other into a single criterion, and, the second, to specify a minimum acceptable 
level of performance for options to be considered. Options falling below the minimum 
level are rejected outright because better performance on other criteria can not 
compensate. 
Double counting 
Double counting should be avoided in the BSS process since double-counted criteria are 
likely to be given more weight in the final overall decision than they deserve. However, 
it is sometimes desirable to present the same effect from more than one point of view so 
that the overall context of the decision is fully understood by those involved. Therefore, 
it is necessary to understand the values that the end-user bring to the decision process. 
Checking for independency of preference reveals double counting. 
Number of criteria 
An excessive number of criteria leads to extra analytical effort in assessing input data 
and can make communication of the analysis more difficult. Efforts need to be taken to 
ensure that the number of criteria is practical, effort-effective and manageable. Three 
techniques would help achieve this. They are: to consider deleting criteria that are not 
reflecting the corporate value, or incorporate them into others; to check whether there is 
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any redundancy, mutual dependence or double counting; and to avoid including trivial 
criteria by specifying a minimum contribution of value to decision-making when 
identifying criteria. 
Changeability over time 
The decision-making process may take a long time in some special cases. The criteria 
identified in the first instance may need to be modified along with context changes. For 
example, there have recently been considerable changes to building regulations, e. g. 
Part E and L, which has made the build systems offering better acoustic and thermal 
performance become more preferable to housebuiders. Tbereby, the identification of 
criteria is not a one-off activity but an open, iterative process allowing modifications. 
The important thing is to reflect decision objectives. 
8.7 Step 4- Weighting 
Step 4 is to weight the decision criteria (8.6 and Figure 8.3) against their importance to 
achieving the decision objectives (8.4.1). The literature review chapter on decision- 
making has explained the importance of weighing (4.3) and presented a wide range of 
weighting methods and techniques (4.3.3). Týis section presents the weighting process 
of and the weighting results obtained from the development of the BSS tool. This has 
drawn on the wide existing knowledge base and integrated the learning from the, early 
consultations and pilot studies of weighting methods (8.2). 
8.7.1 Weighting Methods Used 
Four methods were used for weighting criteria in this study, namely, Top-down Direct 
Rating (TDR), Bottom-up Direct Rating (BDR), Point Allocation (PA) and Analytical 
Hierarchy Process (AHP). Table 8.7 provides the weighting method statements. The 
methods Dominance Checking, Equal Weight (EW), Rank Sum (RS), Rank Reciprocal 
(RR) and Rank Order Centroi 
'd 
(ROC) (see 4.3.3) were also considered in the beginning 
of the study but not used in the end (considerations provided in Table 8.7). The methods 
TDR, BDR, PA and AHP all have advantages but limitations (Table 8.7). The process 
of using the methods, coupled with the early consultations and pilot studies, suggests: 
* The combined use of the methods TDR and PA was considered to be the most 
appropriate approach for weighting criteria in the study. 
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The method AHP would be good for -weighting the criteria theoretically. 
However, a large portion of the results in the study were checked inconsistent, 
with their consistency ratios > 0.1 (Saaty, 1980). The use of AHP would also 
require substantial, prior training on using the technique. Therefore, AFIP is not 
recommended for use in the case in the first instance. 
However, it would be helpful to use AHP for weighting the criteria at the 
objective level. The results obtained could be used to countercheck that from 
using the other methods. 
8.7.2 Weights of Decision Criteria - Countryside's Practices 
This section presents the results of the weighting exercise carried out by Countryside. 
The exercise was designed to involve all of the key participants in the BSS study (Table 
8.1) together as a workshop. However, due to their availabilities, the weighting exercise 0 
was carried out, in the end, in two events: a workshop with the Change Agent (SR), the 
Senior Estimator (RS, North) and the Structural Engineer (GE, Whitbybird), and an 
individual interview with the Group Technical Manager (AS). The results obtained 
include the weights, the participants' considerations for weighting, and the researcher's 
observations of the exercise. The weights were analysed quantitatively and illustrated 
using a range of statistics techniques such as tables, bar charts and line charts (5.8.4). 
The 'soft', qualitative data were analysed through the process 'coding, theme-ing and 
pattern-ing' (5.8.6). 
233 
Chapter 8- BSS Development & Validation 
2 
"0 
9 
Co 
"0 
.0 
E2 
0 
CL E 
< 
a) T 
U) 
40' E CD 
E_ om *6 C a) o a-) S. 2 > 
U) r 
'S 
co E 
ia 8 CL 0, cc .0= 
0 >. 0 0 CL. 2 to 
LD 0 E 
20 
A 
(D m 72 c :pm0 -Z: 
D. >0 
G) 0 tu 
8 25 C) r 
E? 
E0, - m- 
te EM5 -Z -ý: 0 
0 %c-; 
.2 
-0 U) 
C» 
': CI) 0. 
ID E 8- s. re > . 20 :, Z 
ca 
43) 
CD 0) . C) (D - -e E 0) '- 
00. m 0) .2-. .5a E u' =4) 0) 
2 *, Cc a) E. t, 
:59C. 
S 
5 : F- % -9 '6 Z a) m 
cc) ;s9 15 a) rO- 3: E at; 0 CD 
12. -Z c .-2, Cj 
R OUI) a) 
0o 0) CN2 .9ý 
r- 
CL 0) 2 S.. E 
20 E0 :2<9.2i' EZ 
, -: Cý ci li 
; 13 
.0 
- -0 
! -= 
.m 
ae 9 
CL 
cc 
HE .g -r- . U) 
i IF a": ý- ") .2 3:: - : 0i 
CD 
C 
0 
2ý 00 (U e: fj 
c r= m. EZ0 
0 CL 
": cý 
*5 
ý .6 42 
r U) tm - 
:E Ir-D 
U) as c 0) r 
2 in 
00 
. Ln "D 
ad 
*0 ca 
-v 
V-6 
CL 
in 
a> 
to 
20 
U) >o 
> tu - 
ci Co Co 
= 
0. 's K 
me u) r ü) cb CU 
oö 1-- 0 cn . 0 Lu t E' -5 
r- 9 um, F- - 
f00 
cm m 73 
0 jg 
cv f, U) CDU 
FEO cr 0 
0 
ad w CD 
0 US 
42 * ER 
0, CL) 
-0 42) F) 
a L) 
CU 0 E0 
0 
81 
c 
. Ln 
to 
. 
r- 
Z 
81 
0) 
S 
sn gý 
.1t 0) 
34') 
'o 
ý tog 8a 
CO 
0 
10.1 9 
0 40 0 
cy) 
0 
. 49 A 
U) 
CD 
'5 0 
R -0 
0 
(D co 0 
T co 
CL) ft! 0 
U) 0m, K 
wz 
Co 
0 
"R Co 
ro- 0E 
60 
U) 
> 
32 
to ýZ c). s 
22 02.2.2 E 
60 
0 (D 2 
rL E =5o 
r -4 . -: F- EM 
E 
2 4ý 0 9 .1 0E M 0 CD 
U) :3 
U, H5 
; 
4, Elmo 0 
0 
rm 
A he t3) 
Co 
> 
e. g 
Co Z 
ei Co 0 -0 0W r= m r= 
2-. T A5gM Gm0 
70 = 
b.. 
L Co a) ýM 
3: tu C 
rm 
M-o 
m 
5 
9-M: E -@ :) 
Co 
3) 
0 CJ 
92. 
0Z$- 
F. eM-ý> . 's 0 ID CD E J2 
Z0 
cE 
: 
55 
'ED 
- 
Zc 
CD = 
-I- 
(D : f; ID 
Qa .-4M 
* 0,3) 
U) EC 0 i 
m5 -6 
CO E 
a 
E 
C 
Oto C U Ir 'o 
234 
Chapter 8- BSS Development &, Validation 
8.7.2.1 Weights provided by the Group Technical Manager 
The method TDR (Table 8.7) was used for weighting the criterla at the obJective level 
of the value tree (Figure 8.3). Table 8.8 presents the original scores provided by the t, V 
participant and the weights normalised froin the scores. 
Table 8.8 Decision criteria & weights for apartment up to 5 storeys 
Decision criteria (objective level) TDR* Weight 
Cost 100 15% 
Time 70 11% 
Quality 90 14% 
Health & Safety 80 12% 
Sustainability 70 11% 
Process 80 12% 
Procurement 80 12% 
Regulatory & Statutory Acceptance 90 14% 
Overall 660 100% 
* TDR stands for Top-down Direct Rating, explained in Table 8.7. The data are based on the weighting exercise 
completed by AS on 31 Jan 2006. 
The results show that the weights of the eight key criteria are almost failing into the 
range from 10% to 15% (Figure 8.4). This suggests that the Group Technical Manager 
took all of the eight key criteria into consideration for build system selection, and tried 
to maintain a balanced perspective on them. 
Figure 8.4 Decision criteria (I" level) & weights: Apartments up to 5 storeys z: I ýn 
0% 5% lo% 15% 20% 
Cost 
Time 
Quality 
Health & Safety 
Sustainability 
Process 
Procurement 
Regulatory & Statutory 
Acceptance 
rL. nflIL... JI&. JI 
g] 
4-U-tiLl' tH4-I1I III ILIIIU 
Note: The results are broken down in the detailed level in Figure 8.6. 
The weighting process was repeated for the criteria at the second and the third level of Z, 
the value tree. The process of weighting the three levels of criteria and all of the weights 
obtained are presented and illustrate(] in the one-page weighting. matrix (Figure 8.5). 
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Figure 8.5 Weighting matrix - Apartment up to 5 storeys 
Alm Aspects Criteria Sub-criteria Weight 
lCost 100 11*1* "Ad cost 100 T _24% 3.6% 
Cost certainty 90 1 21% 3.2% 
Impacts on the costs of interfacing Transfer structure (e. g. to carpark) 70 17% 0.5% 
Interface with claddinq 100 24% 0.7% 
Additional floodng/ stairs treatment? 80 20% 0.6% 
Additional wall treatment? 90 22% 0.6% 
Additional roof treatment? 70 17% 0.5% 
Impacts on the costs of related Items 80 19% Lift equipment (T/C) & efficiency 0.4 40% 1.2% 
Scaffolding required? 0.6 1.7% 
Maintenance costs 70 17% 2.5% 
ITime 70 1 11 %, Design cut off 0.3 30% 3.2% 
Deslqn lead In 0.25 25% 2.7% 
Speed to construct (floor cycle) 0.15 15% 1.6% 
Time certainty 0.3 30% 3.2% 
lQuality 90 14% Compliance with Building Regulations 100 28% Structural Part A 90 22% 0.8% 
Fire safety Part B 100 
-24% 
0.9% 
Acoustic Part E 90 22% 
-0.8% Thermal Part L 75 18% - 0.7% 
Ventilation Part F 60 14% 0.6% 
Defects (at handover) 90 25% 3.5% 
Customer acceptance and satisfaction 95 27% 3.6% 
Pedormance throughout the lifecycle of 
housinq 
70 20% 2.7% 
Health & Safety 80 12% 12.1% 
Sustalnability 70 11% 
Energy efficiency (conservation of fuel 
and power) 
IDO 26% 
_ 
2.7% 
Site waste management gdudng 
construction) 
70 18% 1.9% 
Use of materials 90 23% -2.4% 
Lifetime Homes (Intemal adaptability) 70 18% 1.9% 
Dayliqhtinq 60 15% 1.6% 
Process De 
_Ign 
standardisation & repeanability 90 23% 2.7% 
1 1-ocilstics 100 1 25% Transportation from factory to site 0.25 1 25% 0.8% 
Transportation within the site 1 0.251 25% 0.8% 
Site storage required 1 0.5 1 50% 1.5% 
Ease of site coordination (e. g. ME) 80 20% 2.4% 
Design flexibility (compatibility & 
adaptability) 
60 15% 1.8% 
Previous experience 70 18% 2.1% 
Procurement 80 12% 
, Suitability for 
In-house build 60 11% 
Historical method adopted by 
Ct id2 0.6 60% 0.8% 
1 
PFUEIRý 37 the m Ind being managed 
by In-house build team 0.4 40% 0.5% 
Height limitations 90 16% 2.0% 
Market availability of the system 80 15% 1.8% 
Manufactudnq capacity 70 13% 1.5% 
Manufacturer/ supplier competency 90 16% 2.0% 
Contractual risk 100 18% 2.2% 
F33ssiblity for use In future pmjects 60 11% 1.3% 
Regulatory & 
Statutory 
90 14% ow, 
easy c, tain planning 
permission? 
70 22% 3.0% 
Acceptance Financial market's acceptance 
i 
80 
1 
257 HBOS 0.5 50% 1. r%- 
- - 
Exlemal partners 0.5 50% 1.7% 
Insurance industqs acceptance r1 0 07 ý31 % Lenders' acceptance 0.25 25% 1.1% 
Insurers' acceptance 0.25 25% 1.1% 
- 
Warranty providers' acceptance 0.5 50% 2.1% 
73 1 22% 1 lLeqal Issues T 3.0% 
660 100% 700% 700% 100% 
Notes: 
Method used for weighting: Top-down Direct Rating (TDR) and Point Allocation (PA) 
By The Group Technical Manager, Countryside, 31 Jan 2006 
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In addition to TDR, the exercise for the second and third level involved the use of the 
method PA (Table 8.7) as well. The participant explained his use of the methods. This, 
coupled with the researcher's observation of the exercise, suggests: 
9 The participant felt more comfortable with using the method PA for weighting 
just two or three criteria. 
9 When the number of criteria becomes five or more, the participant felt difficult 
to split 100 points among them. This involved iterations because he could not 
achieve a satisfactory split by doing the exercise just once. In this situation, he 
felt easier to pick out the most or the least important criterion from the group, 
and to do the paired comparison for the rest. 
He recommended picking out the most important one first, i. e. top-down, rather 
than the least important, i. e. bottom-up. He suggested that reflected the human 
nature in making selections. 
The final weights of the criteria that are at the bottom of the value tree are illustrated in 
Figure 8.6. Ihe results at the detailed level are linked to the results at the objective level 
(Figure 8.4) by colour. 
8.7.2.2 * Weights providedfrom the workshop 
The participants in the workshop were asked to weight the criteria twice, using different 
methods. Firstly, they were required to complete the pre-prepared ABP questionnaire 
(Appendix E) individually. Secondly, they were asked, as a group, to weight the criteria 
using any or any combination of the methods: ABP, TDR, BDT and PA (Table 8.7). 
The results from the two weighting processes were compared with each other, from 
which a few observations were developed on the weights and the weighting process. 
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Figure 8.6 Decision criteria (breakdown) & weights: Apartments Lip to 5 storeys ýIZ, 
Build cost 
Cost certainty 
Transfer structure (e. g. to carpark) 
Interface w ith cladding 
Additional flooring/ stairs treatment? 
Additional w all treatment? 
Additional roof treatment? 
Lift equipment (T/q & efficiency 
Scaffolding required? 
Maintenance costs 
Design cut off 
Design lead in 
Speed to construct (floor cycle) 
Time certainty 
Structural Part A 
Fire safety Flart B 
Acoustic Part E 
Thermal Part L 
Ventilation Part IF 
Defects (at hanclover) 
Customer acceptance &satisfaction 
Lifecycle performance of housing 
Health & Safety 
Energy efficiency (feul & pow er) 
Site w aste management (construction) 
Use of materials 
Lifetime Homes (internal adaptability) 
Daylighting 
Design stanclardisation & repeartability 
Transportation frornfactory to site 
Transportation w fthin the site 
Site storage required 
Ease of site coordination (e. g. M&E) 
Design flexibility (compatibility & adaptability) 
Previous experience 
Historical method adopted by Countryside 
Possibility of managing by in-house teams 
Height limitations 
Market availability of the system 
Manufacturing capacity 
Manufacturer/ supplier cornpetency 
Contractual risk 
Possiblity for use in future projects 
How easy to obtain planning permission? 
Financer (HBOS) 
External partners 
Lenders' acceptance 
Insurers' acceptance 
Warranty providers' acceptance 
Legalissues 
Notes: This figure breaks down the results in Figure 8.4 down to the detailed level. The data are based on the 0 
weighting exercise completed by AS on 31 Jan 2006. 
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Weights obtained by using AHP individually 
By using the AHP method, each participant answered 88 pair-wise comparison 
questions by selecting the 'right' score from a 9-point scale (Figure 8.7). 4: 1 L, 
Figure 8.7 Nine-point AHP scale used for pair-wise comparison 
More important Equal More im portant 
Cost 98765432123456769 Time 
All answers were input by the researcher, on the spot, into a computer to check their 
consistency (Saaty, 1980). The weights were obtained through Calculation by using a 4: 1 
programme designed by the researcher but based on the functions provided in Microsoft 
Excel. The weights were the nonnalised eigenvector values obtained by calculating the 
Geomean of the AHP scores (see Saaty, 1980 for detailed instructions). Table 8.9 
presents the weights obtained from such calculations. 
Table 8.9 Decision criteria & weights for apartments zn 
Aspects 
SR-Case2 
Architect 
SR-Case3 
Architect 
RS-Case2 
Estimate 
RS-Case3 
Estimate 
GE-Case2 
Engineer 
GE-Case3 
Engineer 
Cost 14% 15% 38% 34% 21% 21% 
Time 10% 7% 16% 17% 11% 9% 
Quality 21% 18% 11% 11% 8% 6% 
H&S 8% 4% 3% 3% 17% 31% 
Sustainability 13% 3% 4% 4% 22% 13% 
Process 13% 14% 8% 9% 11% 11% 
Procurement 16% 12% 18% 20% 8% 8% 
Reg & Sta Acceptance 5% 27% 3% 4% 1% 1% 
Overall 100% 100% 100% 100% 100% 100% 
Notes: The weights are based on the use of the AHP method. Case 2: Apartment, height between II and 18m: Case 3: Apartment, 
height between 18 and 30m. The data were collected from the weighting workshop on 23 Nov 2005. 
For the case (2) of apartments with height between II to 18 rnetres, all of the three 
participants weighted the criterion regulatory & statutory acceptance low (5% oi- lower). l 
The weights of the remaining criteria from the Architect and the Engineer were almost Z" 
falling into the range from 10% to 20%. However, the Estimator weighted the criterion 
of cost quite high (38%) but regarded the criteria of H&S (3%) and sustainability (4%) 
as much less relevant to decision-making (Figure 8.8). 
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For the case (3) of apartments with height between 18m to 30m, the weight of 
regulatory & statutory acceptance from the Architect increased dramatically to 27% (by 
22%). This caused a considerable drop of the weights of sustainability (10%) and H&S 
(4%) and small changes to the other criteria (Figure 8.8 & 8.8). The weights from the 
Estimator almost remained the same as in Case 2, except for a relative minor decrease 
(from 38% down to 34%) on cost. The weight of H&S from the Engineer climbed 
rapidly to 31% from 17% in Case 2. This was offset by a decrease on sustainability 
(9%) and minor deflation on time (2%) and cost (2%) (Figure 8.8 & 8.9). 
Figure 8.8 Decision criteria (I" level) & weights: Apartments Case 2 
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Figure 8.9 Decision criteria (1st level) & weights: Apartments Case 3 
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Discussions during the workshop helped explain the differences between the three 
perspectives: Architect, Estimator and Engineer. The Estimator was more concerned 
with the cost criteria. He argued that the criteria H&S, sustainability and regulatory & 
statutory acceptance were less relevant to the decision-making for build system 
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selection, though they were important on a general basis. These three criteria were 
almost compulsory and should be complied with, no matter what type of systems were 
to be used. The Engineer claimed that the H&S criterion was highly important for 
medium-rise apartment construction while the Architect was apparently more worried 
about the planning issue and insurance/lending market acceptance associated with using 
systems for medium-rise apartments. 
The weights presented above were calculated from the participants' individual answers. 
They are integrated in Figure 8.10 to present an overall picture of the weights. Cost was 
clearly the most important criterion to the decision-making for build system selection 
for both low-rise (24%) and medium-rise (23%) apartment construction. The weights of 
time, quality, process and procurement factors were around 12% and remained almost 
the same for both cases. H&S and regulatory & statutory acceptance for system 
selection for medium-rise construction were much more important than for low-rise. 
However, sustainability criterion was claimed as less relevant to Case 3. 
Figure 8.10 Decision criteria (I" level) & weights: Apartments average results 
3 M/o 
4% 
20%- 3% ý ý12% 
14 *%/* 13ý*%/o I Jq/ 14'%/o 
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"70 
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Notes: Pearson r score: 0.704 
The completed AHP questionnaires also enabled the calculation for the weights of the 
criteria at the second and third levels of the value tree. However, the results on these 
detailed levels did not reveal substantial differences from those on the objective level 
(Figure 8.8/9/10), and, thus, are not presented in the thesis. 
Weights obtainedfrom the group exeicise 
The consistency ratios for AHP scores provided by individual participants were 
calculated using the method of eigenvector values (see Saaty, 1980). The results show 
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that a number of the consistency ratios exceeded- the value allowed, i. e. > 0.1 (Saaty, 
1980), which reveals that many of the participants' answers to the pair-wise comparison 
questions were not consistent. To enhance the consistency of results, the participants 
were asked, as a group, to weight the criteria again. This was carried out using the ABP 
calculation forms on screen of the computer with the researcher's help. All of the 
participants had to agree on the ABP scores and to make sure the consistency ratio for 
weights of one group of criteria was below 0.1 before moving to another group. The 
weights obtained were verified by the group as well. The AHP calculation process and 
the results for Case 2, in Excel tables, are presented in Appendix F as an example. 
Figure 8.11 compares the results on Case 2 from the participants' individual answers 
and from the group answers. The criteria of cost, process and regulatory & statutory 
acceptance were weighted more by the group than that by individuals but the other 
criteria were thought to be less important than that claimed in the individual exercises. 
Figure 8.11 Decision criteria & weights for Case 2: Individual average vs. Group 
40% 
34% A 
, 30% - 
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Notes: Pearson r score: 0.527. 
It would be hard to make judgment where weights, from the individual average or the 
group answers, reflect more the 'reality' of decision-making in build system selection. 
However, the 'triangulation' of weights obtained using different methods provides 
robust data and insights of the participants' perspectives. 
Human propensityfor selecting AHP scale points 
Human propensity for selecting scale points was examined by calculating the frequency 
of selection of AHP scale points. For each case (Case 2 and 3) were 264 pair-wise 
comparison answers provided by the workshop participants. Figure 8.12 shows a strong 
positive correlation between the frequency values for Case 2 and 3, with its Pearson r 
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value 0.931 (Table 8.10). This suggests that the participants' propensity for selecting 
scale points did not change much against the different cases. Ihe AIHP scale points 3,4 
and 5 were most frequently selected, with their frequencies around 20%, followed by 
points 1 and 2 (around 10%), and points 6 and 7 (between 5% and 10%). The points 8 
and 9 were very much less selected (below 5%). 
Figure 8.12 Human propensity for selecting scale points: Frequency statistics 
25%- 
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The detailed analysis of frequency values for Case 2 (Figure 8.13) reveals that there 
appeared to be a fairly strong positive correlation between the frequency values from 
different participants, with the Pearson r value 0.7 or bigger (Table 8.10). This suggests 
the frequency of selecting AHP scale points did not change substantially against the 
different participants. However, for Case 3, the correlation (Figure 8.14 and Table 8.10) 
seemed to be too weak to support such suggestion. 
Figure 8.13 Human propensity for selecting scale points: Case 2 
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Figure 8.14 Human propensity for selecting scale points: Case 3 
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Table 8.10 Pearson r values of the frequencies of selection of AHP scale points 
SR vs. GE SR vs. RS GE vs. RS Case 2 vs. Case 3 
Case 2 0.706 0.825 0.695 
Case 3 0.186 0.733 0.394 
0.931 
The weighting results for the criteria on the second and third level of the value tree were 
also calculated but not presented in the main part of the thesis. They are incorporated 
into the database of weights. 
Learning points on weighting and the weights 
A few learning points for using the method AIHP were generated through the 
observation of the AIHP exercise and discussions with the participants. These points, 
joined by the review of existing knowledge of ABP (4.3.3), helped the researcher 
understand the method better. 
The AJHP exercise involves tedious work to answer (n-I)n/2 pair-wise 
comparison questions for weighting n criteria. The exercise should be organised 
with a good setting, e. g. a quiet, disturbance-free venue, and time commitment 
from participants. 
9 All criteria must be clearly explained, so is the method itselL 
The use of pair-wise comparison questionnaires does not allow a quick check of 
the consistency of answers. The use of on-screen questionnaires, supported by 
computer programme for calculation, will certainly ease the exercise but also 
provide on-the-spot check of consistency. However, developing such an on- 
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screen questionnaire and programme would require special IT input and, thus, is 
not provided in the current tool. 
The analysis of the weighting process and the weighting results explore the participants' 
perspectives of the importance of the criteria and their propensity for weighting. The 
individual and group results, together, justify the validity and reliability of the data 
within the context of the case company. This, together with the weighting results from 
other large housebuilders, will be taken for further discussion in Chapter 9. 
8.7.3 Checklist for Decision Criteria and Weighting 
A checklist of decision criteria and weighting (Appendix D) was produced through the 
weighting exercises within the context of the whole study. This checklist provides the 
definitions of all decision criteria (see Figure 8.3) and strategies for weighting. The 
criteria weights in the checklist are based on the results from the weighting exercise 
completed by the Group Technical Manager. However, the definitions and strategies are 
developed from the overall study. The checklist was regarded by the case company as of 
great importance to structure the decision-making process and improve their 
understanding of the decision criteria for BSS. The checklist was suggested for use by 
project teams from early design stages, and should be used as a mechanism for 
improving organisational learning in relation to the use of offsite. This will ultimately 
contribute to the improvement of business efficiency and the mitigation of financial 
risks. 
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8.8 Step 5- Scoring 
Step 5 is to measure the performance of the build systems (8.5 and Table 8.5) against 
the criteria (8.6 and Figure 8.3). A number of scoring methods and techniques have 
been explained in Section 4.3.3. This section presents the scoring process of and the 
results obtained from measuring the performance of the systems in the case of 
Countryside. 
8.8.1 Scoring Methods Used 
Several methods were considered for measuring the build systems for the study but just 
the methods Direct Rating (DR) and Pair-wise Comparison with single benchmark (PC) 
were used. Table 8.11 provides the statements of the scoring methods and their 
advantages and limitations. The selection of scoring methods was based on the 
following considerations: 
The final outcome expected from the measurement process was 'accurate', 
'absolute' measurements based on the use of interval scales, not just ranks 
obtained from ordinal scales. The interval measurements were supposed to be 
calculated with weights to deliver weighted scores for build system selection. 
This consideration ruled out the use of methods such as Direct Ranking and 
ABP. 
The method Structural Sifting should be always used before detailed scoring 
exercises are carried out. This has been explained in Step 2 (8.5). 
The method Direct Scoring was applicable for obtaining scores for options 
against quantitative and monetary criteria. However, the method was not used 
for the workshop event because only qualitative measurements were collected 
through the exercise. 
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8.8.2 Construct a Performance Matrix of Build Systems 
The performance of the build systems was measured and the measurements were 
integrated into a matrix which is called performance matrix. The original measurements 
were verbal expressions obtained from using a 7-point rating scale (see Table 8.11 and 
4.3.3). The use of verbal expressions eased the performance measuring process for the 
participants. It also suited the context of measuring against the criteria, most of which 
were qualitative in nature. The combined use of DR and PC (8.8.1) involved the use of 
two scales: one for direct measurement and the other for relative measurement. The 
scales are provided in Table 8.11. This was based on the assumption that the 
participants are most familiar with one of the build systems, i. e. the benchmark, and feel 
most confident and comfortable to measure the system directly. For other systems, the 
participants can provide measurements by comparing to the benchmark. This approach 
helps improve the validity of data when participants lack information and feel difficult 
to provide direct judgments. The performance descriptions of the build systems against 
the criteria were also collected and stored in a performance database of build systems 
for housebuilding. These qualitative descriptions underlay the measurements in grades 
provided by the participants. This database helps capture the case company's 
knowledge of a number of build systems in relation to housing construction, which 
provides the company with an effective mechanism for leaming and knowledge sharing 
across projects/teams. The database should be reviewed and updated on a regular basis. 
However, the database of performance descriptions is not presented in the thesis due to 
commercial confidentiality reasons. Nevertheless, the performance data in grades are 
included and presented together with performance measurements from the other 
housebuilders later in this chapter. 
In simple decision-making circumstances, the performance matrix may be the final 
product of the process. Decision-makers may make judgment on which system meets 
decision objectives better. For complex decision problems which involve dozens of 
criteria and options, such intuitive processing data may lead to the use of unjustified 
assumptions, causing incorrect ranking of options. Sometimes, the large number of 
criteria and optioils is simply overwhelming for decision-makers to make selections. 
Under such circumstances, more scientific methods have to be used to facilitate 
handling complex performance measurement data. This is explained in next section. 
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8.8.3 Transform Verbal Expressions to Calculable Scores 
The models for transforming verbal expressions to numerical scores abound in the 
literature. They basically differentiate from each other in two areas: first, whether the 
models for transforming are linear or nonlinear, and second, whether they are expressed 
in absolute measurements or in fuzzy sets. Though the tool attempts, ideally, to offer the 
end-user the flexibility to define their own model for transforming scores, the linear 
model with absolute measurements was used for the study. This was based on the 
considerations as follows: 
9 The linear model is simpler and easier-to-use than non-linear models, so is the 
use of absolute measurements than the use of fuzzy sets. 
* Both absolute and fuzzy set measurements are subjective measurements. They 
are just different approaches to expressing measurements, one is by absolute 
values but the other by ranges of values. They follow different calculation rules. 
The BSS tool overall aims to support decision-making not to generate decisions. 
The results obtained by using the tool are subject to decision-makers' 
verifications. Therefore, more sophisticated techniques are not favoured in this 
case. 
* Decision-making in housebuilding organisations is currently largely based on 
the heuristic approach. The proposal for improvement should be simple, direct 
and easy to understand. 
Nevertheless, more options of scoring models were tested as part of the validation of the 
BSS tool to justify the above considerations. They are presented in the validation 
sections later in this chapter. 
8.9 Step 6- Combine the Weights and Scores 
The early steps have enabled the generation of weights for decision criteria and scores 
for systems. This step is to produce overall weighted scores by combining the weights 
and scores. There exist a few techniques for that (see 4.3.3). The Linear Additive Model 
was used in the study for producing overall weighted scores for its simplicity and 
general acceptance. Another consideration was that the weighted scores produced were 
for decision support purpose rather than decision offering. Sensitivity analysis (Step 8) 
will help verify the results. 
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8.9.1 Calculate for Overall Weighted Scores 
The overall preference score for each option is simply the overall weighted score of the 
option against all of the criteria. The formula below presents the calculation (see e. g. 
Keeney and Raiffa, 1976; Dodgson et al., 2000). 
'S-j=WISiI 
+W2'Sj2+"'+WnSin WJSV 
J=I 
Keys: 
Sj: Preference score for option i 
sij: Performance score of option i against criterion j 
wj: Weight of criterionj 
n: Number of criteria 
In words, the overall weighted score for an option can be obtained through: firstly, 
multiplying an option's performance score against a criterion with the weight of that 
criterion, secondly, repeating that for all of the criteria, and finally, summing all of the 
weighted scores of that option. 
8.9.2 Present the Weighted Scores 
The formula and the process have taken the assumption that the weighted scores against 
all decision criteria are aggregated to produce a single overall weighted score of 
preference. However, the early consultation and pilot studies show that this is not 
necessarily required by decision-makers. They may wish to produce a weighted score 
for each group of criteria, e. g. for cost, time, quality etc. This will provide decision- 
makers with a simple matrix 'Decision Support Outcomes Matrix'. This is significant 
when some of the performance measurements are not in verbal expressions but in 
objective, quantitative data. For example, quotations of cost and build programme may 
be provided by system manufacturers/suppliers at early design stages. In this case, it 
will be unwise to transform the exact, objective data into preference scores because 
such a transforming process would cause errors. Therefore, the final decision support 
outcomes need to be presented under a few groups. This is illustrated by using the case 
of Countryside as follows. 
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8.9.3 Decision Support Outcomes of'Countryside 
This section presents the decision support outcomes for Case 2 (Apartments, II- 18 
metre in height) in Countryside (Figure 8.15). The figure presents the process of 
weighted scoring and the weighted scores obtained for four build systems under Zý 
consideration for low-rise apartment construction of the company. The results for Case 
3 (Apartments, 18-30m) are provided in Appendix G. The weighted scoring inatfix is an I 
Excel spreadsheet which can be stored and disseminated easily. However, such a matrix 
may not be easy for people to understand and interpret. The results are hence presented 
in a more end-us er- friend] y format as shown in Table 8.12 and Figure 8.16 & 17. 
Table 8.12 Decision support outcomes against key criteria: Countryside in 
Traditional Traditional PCC cross Steel frame 
brick & block timber frame wall with PCC floor 
Cost (E/sqft) E68.00 E75.66 P-80.66 
Time 8.5% 8.3% 9.1% 8.3% 
Quality 9.4% 8.6% 12.5% 9.8% 
H&S 4.0% 8.1% 10.1% 6.1% 
Sustainability 5.8% 7.7% 8.1% 6.8% 
Process 7.5% 8.7% 11.2% 10.5% 
Procurement 9.4% 9.3% 7.9% 8.6% 
Reg & Sta Acceptance 12.6% 12.5% 10.5% 10.5% 
Non-cost overall 57.2% 63.3% 69.4% 60.6% 
Notes: The results are fol apartme nts tip to 4 stoicy% nj C'otilitrysi(je. Cost data Wele piovided 11), RS and non cost data thl'OLIgh the 
workshop. 
For the case of low-rise apartments, the build system traditional brick & block was 
regarded as the cheapest (f68 sqft) (Figure 8.17) and the best In terms of regulatory & 
stAtutory acceptance and procurement criteria. PCC cross wall was thought as the best 
for the criteria including time, quality, H&S, sustainability and proccss, whilst it was the 
most expensive build systern to use. The use of PCC cross wall was also regarded as 
associated with higher procurement risks and stronger resistance frorn regulatory & 
statutory authorities. However, PCC cross wall was clairned as the best option, in terms 
of non-cost criteria (69.4%), for constructing apartment blocks (I'IgUre 9.16). Though 
traditional brick & block would offer cheap construction, It Was thOLIght as performing Z, 
the poorest out of the options. For apartments above five storcys, in situ concrete 
systems were regarded as the poorest against the non-cost criteria (Figure 8.16). 
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Criteria Sub-criteria 
Wei 
Traditional brick 
block 
&I Traditional timbe 
frame 
r PCC cross wall 
Steel frame with 
PCC 
g Diý2cl Ra tj ng Paired Compar Paired Compar Paired Compar 
S To re ý 7 S x Score WxS Score WxS Score WxS 
, 
Golslýý Build cost of the system 3.6% 
Cost certainty 3.2% 
Impacts on the costs of Transfer structure (e. g. to 
interfacing systems carpark) 
0.5% 
Interface with claddinq 0.7% 
Additional flooring/ stairs 
treatment? 
0.6% 
Additional wall treatment? 0.6% 
Additional roof treatment? 0.5% 
Balcony options 
Impacts on the costs of related Lift equipment (T/C) & 
items efficiency 
1.2% 
Scaffolding (external) 
required? 
1.7% 
Maintenance costs 2.5% 
Time Design cut-off 3.2% 0.83 0.027 0.67 0.021 0.67 0.021 067 0.021 
Design lead in 2.7% 1.00 0.027 0.83 0.022 0.83 0.022 0.83 0.022 
Speed to construct / floor cycle 1.6% 0.67 0.011 0.83 0.013 1.00 0.016 0.83 0.013 
Time certainty 3.2% 0.67 0.021 0.83 0.027 1.00 0.032 0 H3 0.027 
Compliance with Building Quality Structural Pan A 
Recitilations 
0.8% 1.00 0.008 1.00 0.008 1.00 0.008 1.00 0.008 
Fire safety Part B 0.9% 1.00 0.009 0.83 0.008 1.00 0.009 0.67 0006 
Acoustic Part E 0.8% 0.67 0.006 0.33 0.003 1.00 0.008 0,50 0.004 
Ventilation Part F 0.7% 0.50 0.003 O. So 0.003 0.67 0.005 1.00 0.007 
Thermal Part L 0.6% 0.50 0.003 0.83 0.005 0.33 0002 0.50 0.003 
Defects (at handover) 3.5% 0.33 0.012 0.50 0.017 0.83 0.029 0.67 0,023 
Customer acceptance and 
satisfaction 
3.6% 0.83 0.030 0.67 0.024 1.00 0.036 0.67 0.024 
Performance throughout the 
hfocy le of housing 
2.7% 0.83 0.022 0.67 0.018 1.00 0.027 0.83 0.022 
I ealth & 
slatnty, HLalth & Safety risks 
12.1% 0.33 0.040 0.67 0.081 0.83 0.101 0.50 0.061 
ýustalnabl 
Energy efficiency (conservation 
ýl ity, Of fuel and power) 
2.7% 0.67 0.018 1.00 0.027 0.50 0.014 0.67 0.018 
Site waste management (during 
construction) 
1.9% 0.33 0.006 0.67 0.013 0.83 0.016 0.83 0016 
Use of materials 2.4% . 
0.50 0.012 0.67 0.016 1.00 0.024 0.33 0.008 
Lifetime w---- 1.9%- 0.83 0.016 0.67 0.013 1.00 0.019 0.67 0013 
Dayliqhting 1.6% 
. 
0.33 0.005 0.50 0.008 0.50 0.008 Oý83 0.014 
'ýroces Design standardisation & 
6: 
repeartability 
2.7% 0.83 0.023 0.83 0.023 1.00 0.027 1.00 0.027 
Design flexibility 1.8% 1.00 1 0.018 0.83 1 0.01S 0.83 1 0.015 0.83 1 0.015 
Logistics 
Transportation from factory 
to site 
0.8% 0.17 
I 
0,001 0.50 
I 
0.004 0.17 
I 
0.001 0,33 0.003 
Transportation within the site 0.8% 0.17 0.001 0.50 
1 
0.004 1.00 0.008 083 0.006 
Site storage required 1.5% 0.17 0.003 0.50 0.008 1.00- 
- 
0.015 0.83 &013 
Ease of site coordination (e. g. 
M&E) 
2.4% 0.33 0.008 0.67 0.016 1.00 0.024 
I 
0,83 0.020 
I 
Previous experience of the 
housebuilder 
2.1% 1.00 0.021 0.83 0.018 1.00 0.021 
I 
1.00 0.021 
Procurem 
Suitability for in-house build 
Historical method adopted 
by Countryside ent 
0,8% 1 1.00 
- 
0.008 1.00 0.008 1 1.00 0.008 1.00 &008 
, Possibility of the method 
being managed by in house 
build team 
0.5% 1.00 0.005 1.00 0.005 1.00 0.005 1.00 0.005 
Height limitations 2.0% 0.67 0.013 0.67 0.013 1.00 0.020 1.00 0,020 
Market availability of the system 1.8% . 
1.00 0.018 1.00 0.018 0.67 0.012 0, H3 0.01,5 
Manufacturing capacity 1.5% 1 moo OM015 1.00 0.015 0.67 0.010 0.83 0.013 
Manufacturer/ supplier 
competency 
2.0% 1.00 0.020 0.83 0.017 0.67 0.013 0.83 0.017 
Contractual risk 2.2% 0.17 0.004 0.17 0.004 0.00 0.000 0.00 o. 050- 
Possiblity for use in future 
projects 
1.3% O. B3 
I 
0.011 1.00 0.013 0.83 0.011 0.67 0.009 
Regulator [low easy to obtain planning 
. Y& permission? 
3.0% 0.83 0.025 1.00 0.030 0.67 0.020 0 67 
I 0.020 
Stalutory Financial market's acceptance HBOS Acceotanc 
1.7% 0.83 0.014 0.83 0.014 0.67 0,011 0,67 0.011 
External partners 1.7% O8 3 0,014 0.83 0.0 14 0.67 0.011 0.67 0.011 
Insurance industry's 
acceptance 
Lenders' acceptan ce 1 1% 1 00 1 00 1.00 0.011 1.00 0.01 1 1.00 0.011 1.00 0ý01 1 
Insurers' acceptance 1,1% 
E 
1 00 1.00 0011 0.83 1 0.009 0.83 0.009 0.83 0.009 - - 
Warranty providers' 
acceptance 
2.1% 1 00 1 00 1.00 0.021 
I 
0.83 
I 
0.018 0.83 0.018 0.83 
ý 
8 , 1 
Legal issues 1 30% 1 00 1.00 1 nn 1 0,025 
Overall weighted score 100% 0.572 0.633 0.694 0.606 
Notes: The results are based on the data collected through the workshop with AS, SIR and GE at Countryside on 31 Jan 2006. In details, the 
weights are based on the answers provided by the Group Technical Manager whilst the scores are based on the group discussion. 
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Figure 8.16 Overall weighted scores for BSS non-cost comparison 1-ý 
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brick & timber w all frame w ith w ith post- 
block f ra me POC floor tensioning 
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Figure 8.17 BSS cost comparison (f/sqft) of Countryside 
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8.10 Step 7- Examine the Results 
The decision support results need to be examined for their validity before decisions are 
taken. This step is to answer a question whether the results obtained have addressed 
original decision objectives and inet expected decision OWCOI-nes. 11' the answer is yes, 
the results are fine and can be double-checked by sensitivity analysis (Step 8). If the 
answer is no, then the process may need to be reviewed. First, the stepS/SUb- steps for 
review need to be identified. And then, the 111pUt to those S tCPS/SLib- steps and/or the 
methods/techniques used need to be checked, and modified where necessary. After that, 
the results are to be re-examined. During the process of examination, the end-LISCI' ofthe 
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tool also need to deal with any unexpected results emerged from the early steps and to 
consider their implications. 
For the BSS study of Countryside, the participants examined the early six steps of the 
process and the decision results through the workshop. They claimed that the BSS 
process generally reflected the structured, transparent and robust decision-making for 
build system selection that the company aspired to achieve. A few comments/lean-dng 
points on using the tool were made by the participants, some of them having been built 
in the development of the tool. 
On the BSS process overall - 
The participants were interested in gaining an understanding of the build systems, 
rather than scores assigned to them. The tool provides a framework by which the 
company could know 'what' information to collect at 'what' stage from 'who'. 
It was clarified that the tool should not only deliver decision supports but also 
provide detailed guidelines/checklists to enhance the company's understanding and 
knowledge of decision-making in build system selection. 
On weighting 
After examining the detailed weights of decision criteria, the participants argued 
that the weights of some criteria should be heavier. These criteria included previous 
experience, design standardisation & repeatability, defects at handover, interface 
with cladding and cost certainty. 
The criteria of health and safety, compliance with building regulations, and 
regulatory and statutory acceptance were thought to be essential but compulsory. No 
housebuilders would select build systems which do not comply with these 
regulations. However, once basic/minimum requirements are met, housebuilders, in 
the private sector, will be less concerned with how much the performance of the 
build systems exceeds the basic requirements, unless th6re is a direct impact on cost. 
and/or time. 
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On performance matrix 
* The descriptions in the performance matrix were regarded as valuable and should 
form part of the performance measurement database. 
On transforming verbal expressions to arithmetical scores 
o The transforming process was like a psychometric test, but it was reasonable and 
rational to identify the scoring models against different criteria. 
It was emphasised that the tool and the transforming scales needed to be simple, 
direct, easy-to-understand and easy-to-use. The participants reached the consent that 
the transforming scale on a linear model was to be used. 
On presenting decision outcomes 
9 Outcomes of cost and time criteria should be standing alone in the decision 
outcomes presentation. Also, the performance data of cost and time should speak 
themselves. It would be less meaningful to transform the cost and time data into 
preference scores since that would sacrifice part of the validity of data. 
Three forms of presentation of outcomes appeared to be required. 
o For the board level of the company, a one-page summary was expected, which 
should present the overall weighted scores of the build systems under 
consideration and the breakdown into the eight key criteria, i. e. cost, time, 
quality, H&S, sustainability, process, procurement and regulatory & statutory 
acceptance. 
o For departmental directors/managers, a short report was expected, which, on the 
basis of the one-page summary, should provide detailed decision outcomes and 
describe the BSS weighting checklist, performance measurement databases, etc. 
o For operational levels, detailed guidelines/manual were expected, which should 
illustrate the steps and sub-steps, explain the methods and techniques used and 
provide all of the data/results obtained and instructions needed for using the tool. 
8.11 Step 8- Conduct Sensitivity Analysis 
Sensitivity analysis provides a means for examining the extent to which vagueness 
about the inputs or disagreements between people makes any difference to the final 
overall results (Dodgson et al., 2000). It also makes it possible to accommodate 
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decision-making under uncertainties, where the probabilities are not explicitly given, 
and under risks, where the probabilities are explicitly given. 
Analyse the sensitivity of results to criteria and weights 
Theoretically, this step may involve the analysis of sensitivity of decision outcomes to 
any changes of any inputs such as the options, the criteria, the criteria weights, the 
performance measurements of options, and the way combining the weights and scores. 
However, in practice, the analysis normally applies to the changes of criteria and 
weights of the criteria. The tool should be checked for whether it includes criteria that 
are of concern to all stakeholders and key players (8.4.2). Then, the weights of some 
criteria may be changed and the subsequent changes to the final decision results may be 
recorded and compared to the original. This process will reveal the sensitivity of results 
to the changes of weights. Therefore, sensitivity analyses are useful to identify most 
sensitive criteria and their weights, and, thus, reveal areas where options might be 
improved. 
Compare optionsfor improvementldeveloping new options 
Further analysis can be done to deepen understanding of build systems by investigating 
the advantages and disadvantages of each option and comparing options. Understanding 
the advantages and disadvantages of systems helps to identify areas where systenis 
might be capable of improvement. Comparing options is particularly useful when one 
option is naturally a benchmark. Big differences in preference scores between pairs of 
options on important criteria can be identified quickly, aiding the process of developing 
new and better options (Dodgson et al., 2000). For the study, 'traditional brick and 
block' and 'in situ concrete' were used as the benchmarks for the cases of apartments up 
to four storeys and above five storeys respectively. 
Summarising the key pointsfor using the BSS tool 
The key points for using the BSS tool are summarised as follows: 
9 It is a tool for decision support not for generating final decisions. 
* In addition to the default data on criteria, weights, scores and final results, the 
tool also provides a checklist for criteria and weighting which the housebuilder 
could use to ask their supply chains to collect right information at the right time. 
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How good the outcomes are from using the tool depends on how good the data 
input are. The end-user should try to input robust data where possible to deliver 
robust outcomes. 
The tool provides a database as well as a model-base. By the database, the end- 
user will have data available which were based on the overall study and the 
practices of Countryside. The database could be used as a starting point for 
future projects and a mechanism for organisational learning. The database will 
be reviewed and updated on a regular basis. By the model-base, the end-user 
will have a set of steps/sub-steps, supported by a series of questions and Excel 
Spreadsheets, for supporting their decision-making in build system selection. 
8.12 BSS Validation by Current Decision-makers 
The aim and components of the BSS validation have been explained in the methodology 
chapter (5.6.2). This section presents the results of the first part of the validation by 
current decision-makers. The data validated included the decision criteria, the weights 
of the decision criteria, the scores of the build systems, and the decision outcomes. 
8.12.1 Details of the Interviewed Housebuflders 
Five large housebuilders, other than the case study company, were interviewed face-to- 
face for validating the BSS tool. These companies, in total, contributed nearly a tenth 
(9.64%) to the housing unit completions by the industry overall (Table 8.13). 'Me 
percentage increases to 10.64% if the case study company, Countryside, is taken into 
account with which the BSS tool was developed. All of the interviewees were the senior 
technical directors/managers of the companies who were involved in decision-making 
for selecting build systems for their housing projects. 
8.12.2 Current Decision-making Approaches 
The deciýion-making approaches currently taken by the five housebuilders were 
identified within the context of build system selection. All of them relied upon heuristic 
decision-making, drawing on individual experience and intuition, and informal group 
discussion. Two companies had used some simple tools like best practice templates and 
estimate workbook. None had used any formal decision-making software like Expert 
Choice. No company had applied any sophisticated decision theories such as utility 
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theory, linear programming, fuzzy sets or Bayesian analysis. However, all of the 
companies used, to a varied degree, external management consultants for decision 
support. 
Table 8.13 Details of interviewed housebuilders for BSS validation 
Housebuilder Unit 
completions* 
Turnover* 
(Em) Position of Interviewee 
Date of 
interview 
Kier Residential 877 145.6 R&D Manager 16 Jan 2006 
Bellway Homes 6,044 773 Group Product 25 Jan 2006 Development Manager 
Linden Homes 1,085 232.9 Director of Innovation 01 Feb 2006 
Bovis Homes 2,691 461 R&D Director 15 Feb 2006 
Taylor Woodrow 6,238 1,182 Head of R&D 23 Feb 2006 
Total of interviewed firms 16,935 2,794.5 
The industry as a whole 175,600t 
Percentage 9.64% 
Countryside 1,854 456 
Percentaae 10.64% 
* Source: Data in 2002 financial year, from the Private Housebuilding Annual 2003 (Wellings, 2003). 
t See Table 6.1. 
8.12.3 Decision Criteria 
Decision criteria, in the structure of a value tree (Figure 8.3), were presented and 
explained to the interviewees for comments. All of the interviewees agreed with the 
researcher that the criteria, the sub-criteria and the hierarchy illustrated the current 
industry concerns over the use of offsite well and comprehensively, and, thus, could be 
used ideally as a checklist by housebuilding organisations for build system selection. 
The discussion with the interviewees suggested that the criteria model could help 
housebuilding organisations mainly in the following aspects: 
9 It structures the thinking of selecting appropriate build systems for specific 
projects. 
* It clarifies the value management structure of the company. 
It provides a checklist of collecting 'what' information from 'where' and by 
'who'. 
4, It presents a framework for measuring the performance of offsite. 
The interviewees also provided some extra factors for consideration and/or amendments 
to the hierarchy according to the practices of their companies (Table 8.14). This 
enriches the practicality of the criteria model and expands further the coverage of the 
decision-making factors. Some of the extra factors provided are actually covered by 
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other existing criteria in the model, but some supplement the original thinking and, thus, 
are taken on board for refining the model (Table S. 14). C, 
Table 8.14 Comments on decision critcria for BSS 
Comments given by the interviewees 
How these comments have been integrated 
and considerations 
Kier R Add 'changes required for site work' under subgroup This is actually covered in subgroup cost 
cost impacts on related items impacts on interfacing systems, 
Houses & Add 'Eco-Homes' under subgroup Building This is actually covered in group sustainability. 
flats Regulations 
Add 'storage required in factory' under subgroup Yes, but housebuilders may be less concerned 
loqistics with this. 
Add 'site planning & access' under group process This is covered in subgroup logistics. Yes, the 
subgroup needs clarification. 
Group Statutory is compulsory and thus should be Good point. The criteria could stay, but with 
taken out of weighting. low weight. 
Bellway Delete 'cost certainty' and 'time certainty' since both It is a company/individual specific comment. 
are management dependent. 
houses Eie-lete 'cost impacts on interfacing systems' under It is a company/individual specific comment. 
group cost. 
Delete 'design cut-off' since it is covered by lead-in. This is an individual view. 
Delete 'lifetime homes' under sustainability It is a company/individual specific comment. 
Add 'orientation of dwelling' under group Yes, but it is based on anecdotal evidence and 
sustainability may not be applicable to others. 
Group H&S and Statutory are compulsory and thus Good point. The criteria could stay, but with 
should be taken out of weighting. low weight. 
-D-nden Add 'design cost' under group cost. Yes if it is not included in build cost of the 
s stem. 
Up to 5 'build control (during construction)' under group Yes, but it may be overlapping with defects (at 
storey flats quality. handover), and it is difficult to measure. 
Bovis Add 'design cost' under group cost. Yes if it is not included in build cost of the 
system. 
Semi- --: Fh-e-time criteria are interrelated. Strictly speaking, yes. 
detached The criterion 'time certainty'is management Good point. The criteria could stay, but with 
houses dependent, less relevant to system selection. low weight. 
Criteria on 'building regulations' are compulsory and Good point. The criteria could stay, but with 
thus should be taken out of weighting. low weight. 
Add 'certification LIPS 2020' under group statutory. It is actually not a criterion. The main part is 
already covered. 
Taylor Add 'impacts on the following trades' under group Not for group cost since that is covered; 
Woodrow cost, time and process. Yes for group time; 
Not for group process since that is covered. 
Terraced Add 'long-term defects' under group quality. No since this is already covered. 
houses Group H&S and Statutory are compulsory and there Good point. The criteria could stay, but with 
should be some hurdle requirements, low weight. 
8.12.4 HouseTypes and Build Systems 
The most regularly-built house type of the interviewed companies was selected as the 
scenario for the validation exercise. The results obtained were used as a template fi-orn 
which to discuss about other house types. Due to the time constraint of the interviews, 
the house types discussed and the build systems assessed were limiled to those that 
reflected the main stream housebuilding business of the companies. This approach 
increased the validity and reliability of data. The house types and build systems of the 
participant companies (Table 8.15) overlapped with each other, which enabled the 
comparison between the results. 
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Table 8.15 House types & build systems of the interviewed housebUilders 
Kier 
Residential 
Bellway 
Homes 
Linden Homes Bovis Homes Taylor 
Woodrow 
Countryside 
House Houses (semi Houses Semi-detached Terraced 
type* & terraced) houses houses 
Flats (up to 5 Up to 5 storey Flats: 11-18m & 
storeys) flats 18-30m 
Build Brick & block Brick & block Brick & block Brick & block Brick & block Brick & block 
system 
Open timber Open timber Open timber Open timber Open timber Traditional 
Timber frame Thin-joint Steel frame, 
& bathroom masonry PCC floor 
pods 
Steel frame In situ RC 
modular 
RC flat, post- 
tens 
Only the house types and build systems used for the study are provided in this table. The companies actually use a 
wider range of house types and build systems. 
8.12.5 The Weights of the Decision Criteria 
The early consultations with decision Support experts and the pilot studies of weighting 
methods (8.2) suggested using the weighting methods like Direct Rating and Point 
Allocation for simplicity and easy application. Considering the time constraint oil the 
interviews, four simple methods were provided for the weighting exercise and they were 
Dominance, TDR, BDR and PA (see 4.3.3). The method statements of these methods 
are provided in Table 8.7. The interviewees were provided with the flexibility of 
selecting any of the methods that they Would feel most comfortable aiid suitable to use, 
or any combination of the methods that they would perceive appropriate. The provision 
of this flexibility helped: to enhance the validity of data as the interviewees were 
provided with the methods they Would feel most appropriate and comfortable to use; to 
validate the weights by enabling the comparison between resLilts obtained by LIS1110 
different methods; and to test the weighting methods with empirical data and, thus, 
enable the modification to the methods ifnecessary. 
All weighting matrices based on the data provided by individual are 
I cs provide the weig provided in Appendix H. These individual mat" cZ hts of the criteria at 
all of the three levels of the decision hierarchy and, thus, present a logical process of 
obtaining the final weights. This Would help the rcader understand the criteria hierarchy 
and weight calculations. The weights provided for the main criteria at the first level of 
the hierarchy froin the five coi-ripanies were integrated and are presented in two stacked 
bar charts, Figure 8.18 and Figure 8.19, for houses and low-rise apartments respectively. 
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Cost was clearly the most important decision criterion for all of the housebuilders for 
build system selection in house building, particularly significant for Kier (60%) and 
Taylor Woodrow (60%) (Figure 8.18). All of the companies took the criterion of 
regulatory and statutory acceptance out of their weighting exercise (with 0% weight) 
because they thought this was compulsory and fundamental. No housing would be built 
if it is unacceptable to regulatory and statutory authorities. Similarly, all of the 
companies did not consider H&S too, except for Kier who gave it a very low weight 
(M), because they regarded H&S as compulsory and important so that all related 
regulations should be met no matter what build systems are selected. Bovis and Bellway 
weighted the remaining criteria quite similar and they emphasised that all criteria were 
interrelated and should be taken into account without mutual compromise. 
Figure 8.18 The weights of the main decision criteria for houses 
Taylor Woodrow 
Bovis 
Beltw ay 
KL-r 
0% 
0% 
0% 
0% 
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 10()% 
m Cost m Time c3 Quality 0 H&S M Sustainability a Process 0 Procurement c3 Reg & sta 
Figure 8.19 The weights of the main decision criteria for low-rise apartments 
Linden 
Kier 
Countryside W/S 
Countryside AS 
0% 
3% 
N cost m Time a Quafity c3 H&S m Sustainability o Process m Procurement 13 Reg & Sta 
Notes: Data of Countryside were also included for companson. W/S stands for the workshop (Figure 8.10) and AS 
stands for answer from the Group Technical Manager (Figure 8.4). 
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Further to the stacked bar-chart presentation above, the weighting results were analysed 
for their variability and relationships using. the statistics measures of mean, standard 
deviation s and Pearson r (see 5.8.4.3). The detailed descriptive statistics analysis of the 
weighting results are provided in Appendix I. The analyses reveal a strong negative 
linear correlation between the weight of cost criteria and the weights of time (r = -0.94), 
sustainability (r = -0.87), process (r = -0.99), and procurement (r = -0.91). No clear 
correlation between cost and quality (r = 0.12) has been identified. Criteria H&S and 
regulatory & statutory acceptance are not applicable to this analysis since they were 
taken out of the weighting exercise by the interviewees. In terms of the companies, the 
weights from Taylor Woodrow and Kier are strongly positive correlated (r = 0.97). A 
same relationship exists between the weights from Bovis and Bellway (r = 0.95) 
(Appendix I). 
The variability of the weight of cost criteria (s = 0.23) provided by the four companies 
is clearly higher than the weights of non-cost criteria (s :50.08). In terms of the 
individual results of the companies, the weights obtained from Kier (s 0.20) and 
Taylor Woodrow (s = 0.20) are more variable than that from Bellway (s 0.08) and 
Bovis (s = 0.08) (Table 8.16). 
Table 8.16 The variability of the weights and the weighting methods used 
For houses Kier Bellway Bovis Taylor Woodrow 
Weighting method used 
Standard deviation (s) 
PA 
0.20 
TDR 
0.08 
PA 
0.08 
PA 
0.20 
_ 
For apartments Countrys'AS Countrys' F/G Kier Linden 
Weighting method used 
_Standard 
deviation (s) 
TDR 
0.02 
AHP 
0.06 
PA 
0.16 
TDR 
0.03 
The descriptive statistics above suggest a strong focus on cost criteria of the companies' 
decision-making in build system selection. The weights provided are also variable from 
each other in terms of both the companies and criteria. However, all of the interviewees 
emphasised that all criteria were very important and no one could be left out of their 
decision-making. The statistics and the verbal expressions are seemingly conflicting 
each other. Possible explanations may be around the difference in company nature and 
business context. It may also due to the weighting methods used. This will be discussed 
further within the context of the overall study in Chapter 9. 
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Two companies, other than Countryside, weighted the decision criteria for the case of 
low-rise apartments. Kier, again, regarded cost as predominant (50%) but thought of 41 1=1 
time to be much more important for apartments (15%) (Figure 8.19) than for houses Z' 
(4%) (Figure 8.18). Linden only commented on the case of apartments and weighted all 
criteria quite evenly, with the range from 9% (process, procurement and regulatory & C 4n 
statutory acceptance) to 17% (time). In addition to the stacked bar-chart presentation, 
the weighting results were also analysed of their variability and relationships using the 1.1ý 
statistics measures of mean, standard deviation s and Pearson r (see 5.8.4.3; Appendix 
1). There is a fairly strong positive linear con-elation between the weight from L, 
Countryside workshop and Kier (r = 0.88). No other clear correlation has been 
identified. For the case of apartments, the weights obtained from Kier (s = 0.16) are 
more variable than that from Countryside (s = 0.02 for AS and 0.06 for group) and 
Linden (s = 0.03) (Table 8.16). 
A set of overall decision criteria weights were produced for the case of houses using the 
mean of the weights provided by the four companies (Figure 8.20). 
Figure 8.20 The weights of the main decision criteria for houses 
ProCUrement 9% 
ý Rop & Sta 0,7(, 
Proce 
sustai I!, thil I I\ 
I I,,, 
'o.,, 140 O/o 
I1 110 
Noles: The figures are mean averages of the weights provided by Bellway, Bovis, Kier and Taylor Woodrow. 
Cost was the most important criterion (40%). Cost, joined by quality (17%) and tirne 
(13%), predominated the decision-making thinking of the companies for BSS. Process, 
procurement and sustainability accounted for a tenth, each, of decision- inaki ng. H&S 
and regulatory & statutory were weighted zero. This shows a rough picture of the 
decision criteria account in some of the large housebUilders in the market. However, 
prudence should be taken for further interpretation of these results since the results were 
based on the four companies' practices and aggregated using the method mean average. zD tD -1 ýn 
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For the criteria at the bottom of the value tree (Figure 8.3), weights were also obtained 
through calculations (Appendix H). It would be difficult to illustrate the overall picture 
of the weighting results by all of the companies in a single plotted chart. Therefore, the 
weighting results were tabulated in Appendix H, which provides an overview of criteria 
weights based on the practices of the five interviewed large housebuilders. 
In addition to the weights of the decision criteria, the interviewees provided comments 
on and considerations for their answers. They were also asked to comment on the 
weighting process and the weighting methods used. A few points emerged from the 
analysis of the interview transcripts, field notes and the researcher's reflections on the 
study: 
On weighting the criteria 
For weighting the criteria were different housebuilding business models 
explained. Time criteria were more significant for the case of social housing 
than for private developments, and more important for apartment construction 
than for house building. The housebuilders were mainly concerned with 
addressing different financial structures of projects and achieving a match 
between the speed of build and the rate of sales. 
e Cost criteria were mostly emphasised. It was suggested that the other criteria 
could be weighted against their impacts on cost terms. However, it was also 
argued that some of the other criteria were not quantifiable. Qualitative 
measurements were therefore needed. 
e The criteria of H&S and regulatory & statutory acceptance were essential for 
delivering projects. However, they were compulsory and, thus, less relevant to 
decision-making for selecting build systems. 
Many of the criteria were regarded as interrelated. For example, established 
long-term supply chains would standardise process. Improvements in process 
would reduce costs and speed up programme. To obtain effective weights, the 
criteria must be clearly defined and explained. 
On using the weighting methods 
9 The methods used for weighting should be clearly explained and they should be 
as simple, direct and easy-to-use as possible. Once the method, or the 
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-combination of methods, is specified, they should be used consistently through 
the whole process to avoid confusion. 
The interviewees were generally in flavour of using TDR for weighting four or 
more criteria but using PA for four or less criteria. 
It would be helpful if decision-makers could see weighting methods 
immediately after they input their data. This will help them verify the results on 
the spot. A computer programme, with end-user-friendly interfaces, should be 
useful. 
8.12.6 The Scores of the Build Systems 
Previous sections (e. g. 8.8) have explained the procedures of scoring build systems 
using the case of Countryside. The same procedures were used for the five large 
housebuilders. This section presents the results obtained from the scoring validation 
exercise. 
Performance data in verbal expressions 
The interviewees were asked to assess the performance of build systems against the 
criteria agreed. The most regularly-built house types were used as the context for the 
assessment. The method DR (see Table 8.7) was used for assessing the benchmark 
system which was the one most regularly-used by the company. The method PC (see 
Table 8.7) was used for assessing the remaining systems which were less regularly used 
by the company. The measurement obtained from using PC were relative measurements 
in nature, and need to be converted into absolute measurements for subsequent 
calculations. 
Performance matrix in verbal assessments1grades 
The performance measurements, in verbal assessments, of the build systems were 
provided by the five large housebuilders who participated in the validation exercise. The 
performance measurements supplement the data collected from Couniryside on 
apartment construction but also provide data on house building. They help decision- 
makers understand the build systems better, and can be used as a starting point for 
decision-making in build system selection for future projects. However, the 
organisational context and project specifics should be considered since the data were 
based on the practices of a limited number of companies. All of the interviewees 
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claimed that the use of DR was simple and direct and, therefore, they preferred to use it 
for measuring the performance of the benchmark system. 
Performance matrix in calculable scores 
The interviewees were asked to comment on the scales for transforming performance 
data in verbal expressions to calculable scores. For the measurements obtained by using 
the method DR, the linear scale from 0 to 1 (see Table 8.11) was provided to the 
interviewees. For the measurements obtained by using the method PC, the linear 
changing model (see Table 8.11) was provided. All interviewees claimed that the linear 
scale was fine for transforming verbal expressions into calculable scores. They argued 
that any non-linear changing model would simply confuse people and also different 
people will really have different preference over the scores. Also, the linear changing 
model was generally accepted for transforming the relative measurement on other 
systems into scores. Two interviewees also suggested some interpretations of the 
transformation of relative measurements, but that were too context-specific and, thus, 
are not taken for presenting their scoring results. 
8.12.7 Decision Outcomes: The Weighted Scores 
This section presents the results on decision outcomes from the validation study of the 
five large housebuilders. The discussions with the interviewees suggested that decision- 
makers would certainly expect some kind of aggregation to make the results 
understandable for non-technical people in their companies. Decision-makers would not 
rely on one final weighted score for their decision-making. They explained that would 
make the decision-making process 'a black box', difficult for people to understand. 
What decision-makers wanted was a knowledge-based decision support tool (see 4.3.5) 
to facilitate their decision-making. The presentation in weighted scores against the eight 
main criteria was most acceptable by the decision-makers. The original performance 
data in the performance matrix in verbal assessments are too many for decision-makers 
to make rational and logical decisions. Weighted scores against three types of criteria, 
i. e. qualitative, quantitativeý and monetary seem to be rational mathematically. However, 
it would not deliver much meaningful information for practical decision-making. 
Although they claimed some degree of aggregation of the results, they would keep a 
copy of the original performance measurement data in verbal assessments for 
themselves. This reflects the nature of the interviewees who were technical directors 
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and/or managers -of their companies. The desire of the participants for both weighted 
scoring results obtained from the tool and the original performance measurements is 
consistent with the learning strategy identified in the housebuilder survey (see 6.3.7). 
The BSS tool has clearly addressed this desire by providing a structured, transparent 
process and databases. 
The overall weighted scores obtained from the results from the five companies are 
integrated and presented in the weighted scoring matrix (Appendix J). Though it could 
be argued by positivists on the generalisability of the results, they provide the 
perspective of five leading housebuilders' on the performance of a series of build 
systems. These companies contribute a tenth to the housing unit completions by the 
industry overall (see Table 8.13). Also, the quantified presentation of the housebuilders' 
views enables an effective comparison between the results from them. Results show that 
the method traditional brick & block was thought as the best for house construction by 
Bovis (with the overall weighted score 83.1 %) and Taylor Woodrow (64%). The system 
open timber panel appeared to be the best for Bellway (58.6%). For apartment 
construction, the system 'steel-framed modular' was claimed as the best by Linden 
(61.7%). No quantitative scores were obtained from other companies in this regard 
since apartments currently accounted for a small portion of their housebuilding 
businesses. 
For interpreting the results, the reader is warned here that a company-to-company 
comparison may need to take into account factors other than the final overall weighted 
scores. This means, for instance, the final score '64%' by Taylor Woodrow does not 
necessarily mean an inferior measurement of the system brick & block than that, 83.1 %, 
by Bovis. This is because the companies may have diverse business emphasis on house 
types and build systems, or simply different perceptions of the quantitative 
presentations of assessments. 
8.13 Validation by Decision-makers of the Future 
This section presents the second part of the BSS validation by decision-makers of the 
future. This was carried out through group coursework by university students with 
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construction management backaround. The data validated included the methods of Z, C, 
I 
weighting, scoi-ing and obtaining decision outcomes. 
8.13.1 Details of Group Coursework Participants 
Two pieces of iggrOLIP coursework were respectively 
incorporated into two modules 
taught in the Civil and Building Engineering Department of LOLIO,, hborough University 
(Table 8.17). Thirty-six Construction (Project) Management (CM/CPM) MSc students, Z' 
in eight groups, participated in the first group coursework exercise. Forty-five BSc 1_ý ZZ, 
final-year students, 22 from Architectural Engineering Design Management (AEDM) in t, 11 ZI 41 
nine groups and 23 from Construction Engineering Management (CEM) in nine groups, cl Z: ' 
participated in the second one. 
Table 8.17 Details of group coursework participants 
Programme Construction Construction Project Architectural Construction 
Management Management (CPM) Engineering Design Engineering 
Management (AEDM) Management 
(C M) (CEM) 
Level Postgraduate MSc Undergraduate (final year) BSc 
Module Construction Innovation and Site Strategy Advanced Construction 
36 22 23 
participants 
Number of 899 
8.13.2 Project Scenarios for the Group Coursework 
The group coursework was designed to Suit the context of the modules (see 5.6.5.2). 
Related coursework briefing documents were provided to the participants. The briefing 
documents state the decision problem, provide decision criteria and optional build 
systems and explain the weighting/scoring methods. templates of weighting and scoring 
matrices are also included. The criteria and systems were almost the same as that used 
for the case study and the first part validation. The two project scenarios used are 
summarised as follows. 
Project sceizario. for the validation by CMICPMstudents 
The project scenario used in this case was a high-profile mixed use development 
comprising 12,500m 2 office area and 8,800m 2 residential units. The client was a global 
marker leader in the development and application of innovations across all market 
sector. The client was committed to sustainability and equal opportunities (Gibb, 2006). 
The residential part should include around 100 units of 1,2 &3 bedrooni apartments, 
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half of which for the client internal use and another half for sale purpose. The students, 
in groups in 415, were asked to select appropriate build systems for the structure work. 
For the exercise they were required to take the roles of the project team at the very early 
stage of the project. 
Project scenariofor the validation by AEDMICEM students 
The second coursework was based on two project scenarios of the hypothesised 
company, ABC Homes, one of the largest housebuilders in the UK market. ABC Homes 
was committed to delivering sustainable communities and the company was open to all 
innovations and innovative build systems and techniques. The company had in-house 
design and project management teams and favoured in-house build procurement. ABC 
Homes had negotiated the purchase of two plots of land. One was in the city of London 
and the other in the suburban area of lbames Gateway. 
Project 1- Houses in Thames Gateway. The company wanted to build 85 units 
2,3 and 4 bedroom 2 and 3 storey houses. The infrastructure to the site had been 
completed and, adjacent to the site, there was another plot of land which the 
company planned to develop as a next phase. 
Project 2- Apartments in City of London. The company wanted to build two 8- 
storey blocks of I and 2 bedroom apartments, 102 units in total. The planning 
authority had instructed that the ground floor of both blocks should be for retail 
use. The site was facing onto a busy road and adjacent to an office building at 
both sides. The ABC board had been advised by the sales team that there was a 
good market for 1&2 bedroom apartments in the area. 
The students, in groups in 2/3, were asked to provide decision support on which build 
system or what combination of different systems is most appropriate for each project. 
For the exercise they were required to take the roles of the project team at the very early 
stage of the project. 
8.13.3 The Weighting Methods 
For weighting decision criteria four methods were provided: TDR, BDR, PA and AHP. 
The statements of the methods have been provided early in this chapter (see Table 8.7). 
The groups were allocated, by random, with AEP and any one of the rest methods for 
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the exercise. Only the data analyses on the criteria of the first level of the criteria 
hierarchy have been presented in the thesis. This took into consideration the original 
research design for this part of validation that was focused on testing methods used in 
the BSS tool. Also, this was because some groups did not follow the method statements 
but used different weighting methods for the criteria on the second and third levels. 
Another reason was to align the analyses with that of results from using AIHP which was 
used for the first level only due to the time constraint imposed on the coursework 
assignment. For the same reasons, the detailed results on weights are not focused in the 
analysis. 
Comparison between the use of different weighting methods 
The weighting results from the exercise by future decision-makers (CWCPM students) 
and the statistics analyses of Standard Deviations and Pearson rare provided in 
Appendix Y_ A few observations emerged from the results and relevant statistical 
analysis: 
4, There is a general, strong positive linear correlation between the weights from 
using different weighting methods by the same groups, with the Pearson r of six 
groups, out of eight in total, above 0.85 (Figure 8.21). 
* However, no clear linear correlation has been identified from the weighting 
results from different groups, even for the situation when the groups used the 
same weighting methods, either TDR, BDR, PA or A]HP. The Pearson r in this 
case vary a lot (Figure 8.21). 
e The weighting results, obtained from using same methods, were integrated and 
presented in three groups only, under the titles TDR, BDR and PA. Again, the 
resultant Pearson r (0.54,0.63 and 0.41) do not suggest a linear relationship 
between the integrated weighting results (Figure 8.21). 
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Figure 8.21 Examples for illustration of weighting results by CM/CPM I t7l 
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The analyses and observations suggest that the independent variable 'decision-makers' 
is determinant for the dependent variable 'decision weighting outcornes'. When the 
variable 'decision-makers' is 'fixed', there is a strong positive linear correlation =1 I 
between another independent variable 'decision weighting methods' and the dependent 
variable 'decision weighting outcomes'. However, this does not necessarily suggest that 
'decision weighting methods' and 'decision weighting outcomes, are causally related. 
This is because the analyses are based on descriptive statistics rather than inferential. 
Further interpretation of the results needs to take into account the results in other 
sections. 
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Both the results from AEDM and CEM students for both prqject scenarios, houses and 
the apartments, are generally consistent with that from the exercise by CM/CPM 
students. Examples on the scenario of houses by CEM students are provided in Figure Z' 
8.22 for graphical illustration. The detailed results and statistical analyses of Standard 
Deviation s and Pearson r are provided in Appendix K. The analyses and observations 
in this case support the observations and suggestions made early in this section. CIO 
Figure 8.22 Examples for illustration of weighting results by CEM v 
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Human pr6pensityfor selecting AHP scale points 
Human propensity for selecting AHP scale points was examined by calculating the 
frequency of selection of the points. In the exercise by CWCPM students were 224 
pair-wise comparisons made. The scale points 1 (21%), 2 (14%) and 3 (18%) were 
slightly more frequently selected than the remaining points (between 5% and 11%). 
However, the frequencies do not vary much (s = 0.05) (Figure 8.23). In terms of the 
exercise by AEDM/CEM students, there were 476 pair-wise comparisons made for each 
project scenario, the houses and the apartments. The points from I to 5 (between 12% to 
20%) were slightly more frequently selected than the remaining points (11% or below). 
However, the variability of results is not significant (s = 0.0510.06). There seems to be a 
moderate positive linear correlation between the results from CM/CPM and 
AEDNVCEM (r = 0.56/0.68) (Table 8.18). The analyses suggest that the students, 
propensity for selecting AHP scale points in this exercise does not change significantly 
against either programmes or project scenarios. 
Figure 8.23 Human propensity for selecting AHP scale points: Students overall 
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Notes: Standard Deviations values are either 0.05 or 0.06. 
The detailed analyses of frequency values from AEDM and CEM students (Figure 8.24) 
support the suggestion above, i. e. on a general insensitivity of the frequency results to 
the changes of scenarios and students. It also verify the observation that the AHP scale 
points from 1 to 6 were around 10% more frequently selected than the points 7,8 and 9. 
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Figure 8.24 Human propensity for selecting scale points: AEDM/CEM C, 
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Table 8.18 Pearson r values of the frequencies of selection of AHP scale points 
AEDM/CEM 
AEDM/CEM AEDM/CEM AEDM H'vs. CEM House ' 
Houses Apartments 
H' vs. A' 
H' vs. A vs. A' vs. Aparl' ' ' 
AEDM vs. AEDM vs. 
CM/CPM A CM/CPM A CEM CEM 
0.95 0.56 0.68 0.85 0.95 0.96 0.73 
The analyses of and observations on the use of the AHP scale, joined with the early 
counterpart presentation in the case study chapter (7), illustrate human propensity in 
selecting points. The results will be taken into the overall discussion of weighting zn 
methods in Chapter 9. 
8.13.4 The Scoring Methods 
This section focuses on presenting the results of testing the methods of measuring 
performance and the scales for transforming verbal assessments to scores. The actual 
measurements of build systems and scores are not presented in the thesis. This is 
because the main purpose of this part of validation was to test the methods. Also, the 
measurements/scores may less reflect the practice of selecting build systems as the 
participants in this exercise were current students. The actual ineasurernents/scores 
would be more significant if the objective was to study the perspective of future zD 
decision-makers, say, in ten years time. Such a Study Would involve the design and 
investigation of inore variables about the students. Therefore, guided by the research 
design, the results frorn the exercise by students are for validating the methods and 
exploring any potential problems with the use of the BSS tool. The actual 
measurements/scores and weights (see 8.13.3) were obtained and secined to be C, 
interesting, but are not included in this thesis. 
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The methods DR and PC (see Table 8.11) were provided for assessing build systems. 
The groups were asked to specify their scales for transforming verbal assessments of 
build systems to calculable scores. The linear scale starting frorn 0 to I used in the first 
part of validation was provided. The researcher acted as the tutor for both coursework 
tasks, briefing on the exercise, answering questions and assessing results. The 
researcher's observations and the questions raised during the process suggest that the 
method PC is more difficult to understand and use. The reasons included that the use of 
PC involved more procedures like the pair-wise comparison and the transformation 
from relative measurements into absolute measurements for calculation purpose, whilst 
the use of DR was claimed as simple, direct and easy-to-use. 
For transforming verbal assessments into numerical scores, three groups of' CM/CPM Z, 
students used the linear scale as provided. Four used non-linear scales by modifying the 
linear scale slightly. One used a totally different linear scale, from I to 7, which was a 
interval scale in nature (Table 8.19). However, the six types of scales are highly positive 
correlated with each other (Figure 8.25). They, except for the one from I to 7, are very 
similar to the scale provided. This reveals that the CM/CPM groups basically thought 
the transformation from verbal assessments into scores as a linear process. 
Table 8.19 Transfonning scales used by CM/CPM groups 
Extremely 
poor 
Very poor Poor Ok Good Very good Excellent 
G1 0 05 1 
G2 0.1 0.25 0.35 0.5 0.65 0.75 1 
G3 0 0.17 0.33 0.5 0.67 0.83 1 
G4 1 2 3 4 5 6 7 
G5 0 0.17 0.33 0.5 0.67 0.83 1 
G6 0 0.2 0,35 0.5 0.65 0.8 1 
G7 0.05 0.2 0.35 0.5 0.65 0.8 0.95 
G8 0.25 0,45 0.63 0,75 0.88 0.95 1 
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Figure 8.25 Transforming scales used by CM/CPM groups 
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Transforming scales used by AEDMICEM 
The AEDM/CEM groups also claimed that the use of the method PC was more tedious 
and difficult than DR. Many of the groups who were supposed to use PC used DR 
instead. Those who continued to use PC applied a linear model for transforming relative 
measurements into absolute measurements. For transforming verbal assessments into 
scores, three groups used the linear scale (from 0 to 1) as provided. One did not specify 
the use of any scale. Fourteen used scales that were modified from the scale provided, 
out of which eight used the scale from I to 7, and one for each of the remaining scales 
(Table 8.20). It was considered unsuitable to start the scale from 0 since that would 
make the weighted score zero no matter how good the performance could be. Despite 
the different start/end points and the spread of the scales, all these types of scales are 
positively correlated with each other (Pearson r=1.00). This supports the observation 
emerged from the exercise by CM/CPM groups, i. e. that the transformation from verbal 
assessments into scores was thought as a linear process. 
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Table 8.20 Transfon-ning scales used by AEDM/CEM groups 
Extremely 
poor 
Very poor Poor Ok Good Very good Excellent 
G1 1 2 3 4 5 6 7 
G2 0 0.17 0.33 0.5 0.67 0.83 1 
G3 1 2 3 4 5 6 7 
G4 0 50 100 
G5 1 2 3 4 5 6 7 
G6 0 2 4 6 8 10 12 
G7 0.1 0.2 0.3 OA 0.5 0.6 0.7 
G8 
G9 1 2 3 4 5 6 7 
G10 0 0.17 0.33 0.5 0.67 0.83 1 
Gll 1 2 3 4 5 6 7 
G12 1 2 3 4 5 6 7 
G13 0 0.17 0.33 0.5 0.67 0.83 1 
G14 1 2 3 4 5 6 7 
G15 0.125 0.25 0.375 0,5 0,625 0.75 0.875 
G16 0 20 40 60 so 100 120 
G17 5 10 15 20 25 30 35 
G18 1 2 3 4 5 6 7 
g Notes: Eight types of scales were used. They are presented in shade 
8.13.5 The Methods of Obtaining Decision Outcomes 
This section presents the results on validating the methods of obtaining decision 
outcomes. The decision outcomes themselves are not the focus of this part of validation 
as they were based on the answers from current students and, thus, would less reflect the 
current practice of BSS than the results obtained from current decision-makers (see 
8.12.7). 
All groups used the additive model for combining weights and scores to obtain overall 
weighted scores for each systern Linder consideration. The comparison between these zn 
overall weighted scores would be meaningless because of the different scales the groups I Z: I 
used (see Table 8.19 & 20). However, the researcher's observation of the exercise and 
subsequent assessment of coursework submissions reveal: 
0 The performaiwe measurements of' systerns were participant-sensitive. The 
measurements were based on the combination of a set of factors including 
participants' knowledge, experience and perspectives. 
0 The final results were objective/criteria-sensitive. Despite the wide range of 
decision criteria identified (8.6), it is impossible to include every potential factor 
that has an influence on build system selection. Adding or removing 
objectives/criteria may change the results enough to allow a different type of I. D L, 
system to be selected. 
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The scale used for performance measurements did not enable an accurate 
assessment of participants' perspectives but it would be impractical to have 
more grades than seven for assessment. 
As a result of the approach the weights and scores are multiplied out, any errors 
or inaccuracies are likely to be duplicated through the multiplication process. 
Ibis can have a negative influence on final results, taking it away from the 'real' 
value. 
When the resultant overall weighted scores did not differentiate much from each 
other, most groups did attempt to review their answers and make 
recommendations by presenting wider and further considerations. The final 
recommendations were normally based on the combination of the comparison 
between overall weighted scores and further qualitative assessments of build 
systems against decision objectives and context. Such a process helped identify 
new decision criteria and new option or combination of existing options to better 
reflect the decision problem. 
However, few groups interpreted their final overall weighted scores within the 
context of the scales they used. The use of scales which do not start from/end 
with an integer made the potential interpretation of results difficult. The 
coursework assessment process suggested that proper interpretation of overall 
weighted scores would help people understand the meaning that the scores 
represent. 
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8.14 Summary 
This chapter has addressed the industry's call for an improved approach to build system 
selection for housing construction (see 4.4.5 and 4.4.6) by presenting the decision 
support tool, the BSS. This has addressed the fourth research question (1.3.1) and 
achieved Objective 5 and 6 (1.3.2). The presentation of the tool has been organised in 
two parts: the development and the validation. The tool was developed through the 
combination of the review of existing knowledge, the consultations and pilot studies and 
the case study of Countryside, whilst the data were mainly collected from the case 
company. The chapter has particularly investigated the processes of establishing the 
decision context and identifying decision criteria of the case company. Results of the 
investigation suggest more than 50 decision criteria centred on cost, time, quality, health 
& safety, sustainability, process, procurement and regulatory & statutory acceptance. 
The chapter has also detailed the operation of the eight main steps and their sub-steps 
included in the tool. Every procedure has been illustrated using the case of build system 
selection in Countryside. For the second part, i. e. the validation of the tool, the chapter 
has first compared the early results to that from other five large housebuilders. The 
results compared included the decision criteria, the weights of the criteria, the 
measurements of systems and the decision outcomes. This validation improved the 
robustness of data and enriched the context of the BSS database. The chapter has then 
tested the methods for weighting, scoring and obtaining decision outcomes by presented 
the results from using the tool by university students in construction management- 
related programmes. 'Ibis justified the methodological principles taken in the tool and 
enabled the refinement of detailed techniques. These two sessions of validation, in real 
industry practices and academic scenarios, justified the validity and robustness of the 
tool. The improved approach to build system selection and the relevant results will be 
taken for overall discussion with exiting knowledge (Chapter 9). 
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9 DISCUSSION 
9.1 Introduction 
This chapter discusses the results presented in the preceding chapters (6,7 and 8) in 
relation to the existing body of knowledge (Chapter 2,3 and 4). The discussion of the 
research results is organised into sections with appropriate themes in connection with 
the research questions (1.3.1) and objectives (1.3.2). In each of the sections, the results 
from the three main study components, i. e. the housebuilder survey (Chapter 6), the 
case study of Countryside (Chapter 7) and the BSS development and validation 
(Chapter 8), are integrated with existing knowledge. The discussion unveils the 
relationship between the research results and existing knowledge. This leads to the 
presentation of the knowledge contributions made by the study and the conclusions in 
next chapter. 
9.2 Discussion of Results in Relation to Questions/Objectives 
In relation to the research questions and objectives, this section discusses the results on 
housebuilders' attitudes towards the use of oftsite, their current usage of such 
technologies, the drivers and barriers, and their related strategies and learning points. 
The discussion of the main research outcome, the BSS tool, is presented separately in 
next section for clarity. The discussion in themes provides a logical flow to the 
presentation of the findings of the study in relation to the research objectives. 
The discussion was guided by four questions: how results fit into the existing body of 
knowledge, do they give new insights, are they consistent with current theories, and do 
they suggest new theories (Wolfe, 1996). In the discussions, the results and the relevant 
existing knowledge are compared to each other. When the comparison suggests an 
agreement between the results and the existing knowledge, the research context and 
settings are further investigated. When the comparison suggests a disagreement, the 
disagreement is clarified and relevant reasons are provided. Such comparative 
discussions transform the research results/findings into contributions to knowledge. In 
general, the results of the study is consistent with the findings of recent related studies. 
Whilst the study has gone further than previous research by integrating the segments of 
enquiries, and, thus, providing housebuilders' perspectives, practices, strategies and 
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learning points in relation to the use of offsite in a holistic approach. The results 
obtained have been contextualised to the organisational and project-wide context, which 
provides a vivid picture of knowledge and illustrates the strategies developed by using 
worked examples. The following sections detail these arguments. 
9.2.1 The Nature & Extent of Offsite Applications in Housebuilding 
The results of the housebuilder survey reveal that the level of overall applications of 
offsite by housebuilders is low (6.3.1). In practice, the extent of the usage of offsite 
overall in the housing sector is less than what is publicly perceived. This finding reflects 
a recent buildoffsite market value study which states that the value of the UK offshe 
market in 2004 accounts for 2.1% only of the total value of the construction sector, all 
construction including refurbishment (Goodier and Gibb, 2005). The housebuilder 
survey results are consistent with an early market survey by Ross (2000) of around 200 
social housing organisations and 100 builders/developers that nearly half of responding 
firms claimed to have used OSM in the last 10 years but the usage within most firms 
was less than a quarter of their housing, and the majority of firms used panellised 
construction but less than one fifth utilised volumetric approaches. 
Also, the results from the survey show that the extent of using offsite for apartment 
construction is generally slightly higher than for individual house building (6.3.1). This 
is consistent with the claims made by the participant companies in the BSS validation. 
The use of offsite was claimed as being able to offer a quick build and time certainty 
which are significant to the construction of apartments. 
9.2.2 The Trend in Offsite Applications 
'Ibis heading covers discussions on two aspects: first, the study participants' Views on 
the trend in the industry overall of offsite applications, and second, the trend in the 
participants' own companies of using offsite. 
On the first aspect, the results from the housebuilder survey show that nearly two thirds 
of the housebuilders; believed that the industry needs to increase the take-up of offsite 
technologies (6.3.2). This reflects the findings of some recent studies. Hooper and Nicol 
(2000) also identified that many large housebuilders believed that significant 
technological change would impact upon the industry in the future. The increasing trend 
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of offifte practices has also been reflected from the supply side. Goodier and Gibb 
(2004) found that nearly three quarters of the suppliers surveyed thought the take-up of 
offsite techniques by industry was increasing in their sector. Parry et aL (2003) 
predicted a growth in the offsite fabrication market of 9.7% per annum (by value) up to 
2010. AMA (2002) indicated that the market value of prefabricated buildings at 
manufacturers selling price will grow at an average rate 8% per year between 2001 and 
2006. This positive trend in the growth of offsite applications is likely to be supported 
by current Government support for offsite/MMC and the 25% MMC target (see 
Housing Corporation, 2003). From 2004, the Housing Corporation started to require a 
quarter of new houses it funds to be built using MMC, equivalent to approximately 
5,000 homes per year, or 3% of new UK housing (POST, 2003). Despite some 
inconsistency in the actual figures, all these sources show a promising prospect of using 
offsite-MMC in the housebuilding sector. This should all be viewed in the context of the 
UK industry body, buildoffsite's aspirational. ten-fold growth in offsite across all 
construction sectors by 2020 (Buildoffsite, 2005). 
On the second aspect, the majority of the housebuilders (58%) planned to increase their 
use of offsite-MMC (6.3.2). However, the planned increased amount of offsite usage by 
housebuilders varies from company to company, with an average of 15% or so by 
volume. This finding confirms the finding of the study by Ross (2000) that more than 
60% of respondents intended to use OSM for their future projects, but also develops it 
further by suggesting the level of the potential increase that was not identified by Ross 
(2000). Moreover, a considerable number (42%) of responding firms were going to 
maintain their cur-rent level of offsite usage. Some argued that housebuilders are 
reluctant to use innovative building technologies (Ball, 1996) but this is not unusual 
given the slow take-up of innovation in the overall construction market (Cripps, 2003) 
and the existing barriers identified in the thesis (e. g. 6.3.4). It is interesting to note, 
according to the responses, that the increased potential largely exists within the areas of 
kitchens and bathrooms, external walls, timber frame structures and roofs. Some highly 
documented offsite techniques like complete modular building were not identified for 
growth. 
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9.2.3 Industry's Attitudes to the Use of Offsite 
The results on the attitudes to the use of offsite in the study are mainly of housebuilders. 
However, the related results of other industry stakeholders from the exploratory and 
supplementary work are also integrated into the discussion to broaden the picture. 
Survey results reveal that housebuilders were substantially more satisfied with the 
application of traditional construction methods than of offsite (6-3.5). The results 
illustrate the inertia within major housebuilders against the uptake of offsite. Also, 
housebuilders appeared to be much less satisfied with current offsite performance in 
their own industry than other sectors, for example building services as shown by a 
recent BSRIA study (Parry et al., 2003) with around 72% satisfaction. It may be argued 
that housebuilders are hard to please, but this finding does not necessarily suggest 
housebuilders do not believe that there are considerable potential benefits from using 
offsite. Instead, the current low level of satisfaction with offsite-MMC application may 
be largely attributable to the low level of application of such technologies (6.3.1 and 
Pan et aL, 2006) with builders, not surprisingly, being supportive of their preferred 
work methods. Furthermore, because most of the respondents had actually made very 
little use of offs ite techniques themselves, their answers may be biased by external 
influences and perspectives. There is also evidence of a critical lack of knowledge of the 
use and benefits of offsite. This may also support the view that construction companies- 
are typically risk averse and do not include many innovators or early-adopters (Moore, 
2002; Rogers, 2003), preferring to allow others to take the risk of developing new 
products before they adopt them for themselves. 
Other than housebuilders, the end-market has shown little interest in how housing is 
built. Research found that location and price are the two main determinants of which 
house to buy. Size and appearance are important, but design-based issues, such as 
layout, and technological considerations, such as maintenance, construction, insulation 
etc. are of marginal importance (Edge et aL, 2002). The findings would therefore 
suggest that prudence should be taken when drawing inferences from other sources on 
the measurements of attitudes. For instance, the customer satisfaction measurements 
provided in the National Survey Report (Housing Forum, 2003) are of the customers' 
perspectives of the quality of home, services provided by housebuilders and owner 
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attitudes, which are less relevant to the use of offsite technologies. Within the context of 
the current critical shortage of housing supply, it can be argued that the measurement of C) 
attitudes of large housebuilders provides more reliable results with regard to the take-up 
of offsite. This is because the body of these companies accounts for the vast majority of 
housing completions, and, thus, is determinant in increasing the take-up of offsite 
technologies. 
9.2.4 Drivers for Using Offsite 
The drivers for using offsite in housebuilding have been identified through the 
housebuilder survey, the case study, and the exploratory and supplementary work. The 
results, together, provide a broad picture of the driving forces for taking up offsite, but 0 
also contextualise the drivers for the organisational and project contexts. 
The survey results reveal a complicated agenda for using offsite in housing 
construction, in which the factors of time and cost certainties, high quality, health and 
safety risks, and skills shortages predominate (see e. g. 6.3.3,7.3.7,7.4.3). This finding 
confirms the findings in a number of recent studies. Time and quality drivers identified 
in the study have also been highlighted in the studies of Gibb and Isack (2003), Goodier 
and Gibb (2004), Parry et A (2003) and Venables et aL (2004). In terms of the driver of 
ensuring cost certainty, Lusby-Taylor et al. (2004) believed that costs should be less 
volatile than in traditional construction although it is unlikely at present that costs will 
be reduced by the use of MMC. However, they also suggested that cost uncertainty on 
volumetric and closed panel systems is inhibiting designers from exploring the full 
potential of these systems. The driver of addressing skills shortages has been recognised 
(Barker, 2003; ODPM, 2003). However, a skilled workforce is still needed for offsite 
technologies and better, broader training and career encouragement must be taken on 
board (Clarke, 2002; Goodier and Gibb, 2004; Palmer et aL, 2003; Venables et aL, 
2004). These arguments explain that the issue of skills shortages, particularly factory- 
based skills, was also indicated as a significant barrier by a number of housebuilders. 
This is consistent with the finding of the study bý Dainty et aL (2005) that the majority 
of general building and contracting firms regard the increasing specification of offsite as 
a cause of the deskilling of traditional onsite activities rather than offsetting skills 
shortages. 
284 
Chapter 9- Discussion 
Though the many results suggest a diversity of driving forces for the use of offsite, the 
in-depth investigation of housebuilders revealed a basic cost-driven business model. 
This is significant for private developments. Housebuilders claimed that they do not use 
offsite for the sake of using offsite. The many other factors, e. g. quality, time, process, 
etc. were claimed as highly associated with cost. However, for social housing schemes, 
time and quality drivers are more important. This was attributed to the different 
financial structure from that of private developments and the fact of the current 
Government's promotion of MMC. This finding is consistent with the observation of 
the study by Venables et aL (2004) that there are differences in the business drivers and 
models of speculative and social developers. This also confirnis the finding of the study 
by Lusby-Taylor et aL (2004) that the majority of the social schemes studied used 
MMC for reasons of speed, though cost savings were expected from using MMC and 
some projects would cost more than if built traditionally. Also, there was no clear 
evidence of a relationship between design quality and the use of MMC. The factors of 
health & safety, building regulations, sustainability etc. were claimed by the 
housebuilders as compulsory drivers. The approach of offsite was thought to be helpful 
in meeting these regulations. The cost-centred drivers and the compulsory drivers, 
together, were taken on board by the housebuilders, with the aim to increase business 
efficiency and manage financial risks. 
Taken together, the findings of all of these studies suggest that the traditional drivers of 
time, cost, quality and productivity are still encouraging the industry to make more use 
offsite technologies. Factors such as health and safety, sustainability and clients' 
influences appear to be of marginal importance. For bousebuilders, despite the wide 
range of factors of consideration, the fundamental driver that encourages them to 
consider taking up offsite is to seek long-term profitability for their business. 
9.2.5 Barriers against the Use of Offsite 
'Me barriers to housebuilders' offsite practices identified in the study are also supported 
by recent studies like Goodier and Gibb (2004) and Venables et aL (2004). Goodier and 
Gibb (2004) similarly concluded that the belief that using offsite is more expensive 
when compared with traditional construction is clearly the main barrier to the increased 
use of oftsite in the UK. They further argued that the longer lead-in time for offsite was 
also a significant barrier, particularly to a contractor. This mirrors the findings by 
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Venables et aL (2004) who suggested long lead-in time as the most significant 
disadvantage, followed by matching tolerances to onsite work, public and industry 
perception and cost. The lower level of usage of complete modular buildings, 
volumetric pre-assembly and closed panel systems is partly due to current limited cost 
data which also concerns designers (Lusby-Taylor et aL, 2004). Delays to the planning 
process has been recognised in a number of recent Government policy documents 
(Barker, 2003; ODPM, 2005). Housebuilders claimed that current manufacturing 
capacity was inhibiting their offsite take-up, which appears to conflict with suppliers' 
optimism with their production capacity (Venables et aL, 2004). This should be read in 
connection with a current low level of partnering between housebuilders and 
manufacturers and suppliers (6.3.6). Taken together, the findings suggest a problematic 
context for a step-change increase in the uptake of offsite-MMC in the near future. 
9.2.6 Housebuilders' Recommendations for the Industry on the Use of Offsite 
This section discusses the recommendations provided by the participants in the study 
for the industry to increase the take-up of offsite. 
Housebuilders' recommendations identified in the study for increasing the take-up of 
offsite in the industry (6.3.8) generally corroborate the suggestions existing in the 
literature reviewed. The suggestion of changing peoples' perceptions reflects the work 
of Ross (2000) and the Housing Forum (2002), which suggested that commitment was 
required from the whole supply chain. The Barker 33 study (2006) also asserted that 
gathering together all stakeholders is vital to realise the successful introduction of a 
process like MMC. The study of housebuilders identified a wide range of stakeholders 
who have influence on housebuilders' use of offsite (e. g. 8.4.2). T'he many stakeholders 
must be recognised and engaged in order to fully realise the benefits from using offsite. 
The suggestion of improving procurement has also been proposed by Goodier and Gibb 
(2004) and Venables et aL (2004). Effective ways of bringing specialist knowledge 
holders into the design process at an earlier stage should be established (ibid; Palmer et 
aL, 2003). However, the strong reliance on subcontracting in UK construction projects 
(Clarke and Herrmann, 2004; Dainty et al., 2001; Loosemore et al., 2003) creates 
problems for using innovative building techniques (Ball, 1996). Housebuilders' 
comments reflect the observation by Hong-Minh et al. (2001) that current housing 
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supply chains are fragmented and underpinned by poor communication, adversarial 
relationships and a lack of trust and commitment. Partnering has been promoted to 
address the fragmented supply chain. However, the perceptions of housebuilders, 
coupled with the high demand for housing, limited supply and the lack of product 
competition are inhibiting the progress towards partnering and greater customer focus 
(Naim and Barlow, 2003). Relationships are still characterised by a cost-driven agenda 
(Wood and Ellis, 2005). A 'leagile' approach (combining 'lean' and 'agile' production 
see Naim and Barlow, 2003) to housebuilding has been proposed to achieve both the 
minimisation of resource requirements through the elimination of waste in the supply 
chain and the maximisation of customer service at an acceptable cost. Housebuilders' 
recommendations on procurement are consistent with the suggestion provided by Hong- 
Minh et aL (2001) that housebuilding companies should change the "mind-set", to 
become process-orientated and improve communication and learning. They also support 
the recommendation given by Dainty et al. (2006) that effective communication 
channels must be developed to overcome ingrained: ftmctional boundaries and culturally 
defined practices. It is clear from all this work that improving procurement is key to the 
long-term success of the industry. 
As to the cost of offsite, housebuilders believed that this was a major cause in 
preventing the industry from a greater take-up of such technologies. The same 
suggestion was made by Goodier and Gibb (2004) and Venables et aL (2004). 
Moreover, the survey results also suggest that more transparent, comparative costing 
methods should be applied to housing built offsite. The use of elemental cost analysis to 
evaluate building elements in isolation is unlikely to deliver a balanced cost comparison 
but rather cause the neglect of many other benefits in the construction process (Gibb, 
2001). It has also been argued that, given the fact that many manufacturers and 
suppliers seek the maximum price that the market will sustain, the tender prices quoted 
may not reflect the actual costs. This hinders sensible comparisons with conventional 
construction (ibid). Furthermore, supposed economies of scale from the factory 
ýroduction are actually rarely realised since the manufacturers have to wait on orders 
via the general contractors (Groak, 1992). The findings on cost, associated with existing 
knowledge, open a considerable scope of work on providing better cost data using 
balanced, transparent and comparative costing methods. 
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The recommendations targeting the Government and Government's --agencies on 
planning support the current movements toward a more flexible and market-responsive 
planning system (Barker, 2004; DETR, 2000; ODPM 2003,2005b). However, research 
in the 2005 Housing Market Intelligence report (see Housebuilder, 2005a) reveals that 
the Government's recommendations have not led to an improvement in the planning 
process. Though it appears that planning authorities are now 'far quicker' to process 
applications, little evidence suggests a quickened process of granting planning 
permissions. This is because the new process requires developers to resubmit projects 
that have been rejected for planning permission rather than to enter negotiations (ibid). 
The strategy of local authority gearing is also highlighted by Barlow et al. (2002) who 
suggested reforming planning practices within local authorities. The recommendation 
on encouraging political levers supports the claim by Booth (2003) that the Government 
must subsidise the industry to increase the take-up of offsite in order to achieve its 
housing plan. 
The housebuilder survey reveals a critical shortage of knowledge of the decision- 
making process and the site integration of offsite in the housebuilding sector (6.3.8). 
Most of the studies reviewed lack justified statistical analysis and exploration of the 
management and decision-making processes associated with offsite construction. This 
finding supports the argument by Roy et al. (2005) that there is a lack of standards, and 
of mechanisms for process review or sharing knowledge and good practice which result 
in significant process variability on site. Nevertheless, a few toolkits (e. g. the Offshe 
Project Toolkit (Gibb and Pendlebury, 2005), the IMMPREST (Pasquire et al., 2003)) 
exist for the use of offsite within the context of construction in general. However, 
further work is needed to transfer this knowledge for use in housebuilding. There are 
also various toolkits, systems and patents developed by firms and individuals relating to 
the use of innovative building technologies but are not publicly accessible due to 
business reasons. All these, to-ether, justify the development of the BSS tool, but also 
support the argument that the tool should not be a 'black box' of generating decisions, 
but a combination of a 'model-base' providing an improved decision-making process 
and a 'database' supplying 'soft' and 'hard' data for decision-making. Key to the 
process is learning. The BSS tool is discussed in details in Section 9.3. 
288 
Chapter 9- Discussion 
All - suggestions - provided by the housebuilders can be seen as being- mutually 
supportive. Together, they present a framework of strategies for the industry to increase 
the take-up of offsite. Improving procurement, providing better cost data and providing 
guidance should function as the means, tackling planning and encouraging political 
levers being the guarantee, and changing peoples' perceptions serves as a premise for 
implementing all of the strategies. A simple model (Figure 9.1) is constructed to 
illustrate the relationships between these strategies. 
Figure 9.1 Model of housebuilders' recommendations for increasing offsite take-up 
I --------------------- 
I Means r ------------------ I Guarantee 
Providing guidance on 
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Tackling planning practical usage 
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Providing better cost 
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Llev 
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This simple model reveals that for increasing the take-up of offsite in the industry 
contributions are needed from a wide range of stakeholders, and all of the 
recommendations are interactive and mutually supportive. This is consistent with the 
approach taken in the study by Blismas et al. (2005) that all project-level constraints 
should be addressed together at the broader macro level. 'Ibis also confirms the claim in 
the Barker 33 Cross-Industry Group study (2006) that the whole supply chain needs to 
work together to create a culture for a greater use of MMC to housing supply. 
9.2.7 Housebiiilders' Strategies for and Learning Points from Using Offsite 
This sqction integrates and discusses the strategies for and learning points from using 
offsite within the housebuiding organisations, who participated in the study. The 
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housebuilders had developed various strategies for using offsite. These are grouped into 
four approaches towards process, procurement, learning & benchmarking, and training. 
Strategies on process 
The case study results suggest that the combined use of the toP-down and bottom-up 
approach contributes to optimising the use of offsite. The top-down approach is 
corporate strategy-driven, with the aim to standardise design processes and benchmark 
good practices among the company (see 7.3.9). The identified housebuilders' desire for 
increasing design standardisation supports the finding by Hooper and Nicol (2000) that 
a quarter of the leading housebuilders are making attempts to rationalise their house 
type portfolios significantly to a small core of designs to increase cost certainty but 
reduce volatility. Improving organisational learning is key to benchmarking good 
practices of using offsite. This approach requires radical changes within the 
organisation, involving changing peoples' ideologies, and thus is risky. Therefore, the 
approach needs to be aligned with the organisation's long-term business strategy and 
supported by a learning culture. This confirms the claim by Baseley (2005) on the HBF 
Barker Conference that maximising the use of MMC requires a degree of 
standardisation and an improved business climate. The bottom-up approach is more 
technology-driven, with aspirations for disseminating good practices and learning from 
previous projects to new ones. In taking this approach, the use of offsite should be 
justified from good experiences on previous projects. The housebuilders considered 
optimising the combined use of offsite technologies and onsite conventional 
construction (see 6.3.7). This consideration favours the use of incremental, rather than 
radical, technological innovations. 'Ibis is not surprising given the benefit-driven nature 
of the housebuilding business (3.3) and the risk profile resulting from current co- 
existent real and perceived barriers to offsite (3.5.5). 
The housebuilder survey reveals that most responding firms expected guidance on 
integrating the use of offsite technologies into the housebuilding business process. This 
expectation has been fulfilled through the case study, which develops an approach to 
integrate the use of offsite into the housebuilding business process. The integration is 
achieved through five offsite stage-reviews, aligned with the five milestone reviews for 
general housebuilding business (see 7.3.10.2). The checklist of strategies (Figure 7.12) 
developed from existing knowledge and the case study provides a project-wide strategy 
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for optimising'the *use of offsite within the housebuilding organisational context. - This 
checklist largely draws on the work of the CIRIA Offsite Toolkit (Gibb and Pendlebury, 
2005), but transfers the knowledge from construction in general to the housing sector. 
The checklist embodies the approach of informing housebuilders' departments/project 
teams of their roles and responsibilities in processes and managing both tacit and 
explicit knowledge related. This is consistent with the approach taken by recent process 
studies in construction including the process protocol (Kagioglou, 1998) and the best 
practice process model for hybrid concrete construction (Glass, 2005). Also, decision- 
making in using offsite for housebuilding should be aligned with the general housing 
business process. This is because the land development and the market structure of the 
housing production sector has a critical implication for 're-engineering' the construction 
process (Winch, 2003). Housebuilders do not use offsite for the sake of using offsite, 
but regard it as an approach to improving business efficiency and gaining long-term 
profitability (see 7.3.9). Tberefore, the research outcomes, particularly the BSS tool, 
should be appreciated within the context of the housebuilding business. 
Strategies on procurement 
The results from the housebuilder survey show an inconsistency between the significant 
adhesion to traditional procurement methods amongst large housebuilders and their 
awareness of incorporating offsite into early design stages (6.3.6). This inconsistency 
suggests that most housebuilders were aware of the principle of integrating offsite early 
on but, in practice, adhered to conventional procurement methods. This would preclude 
the use of offsite, or at least make its potential benefits harder to achieve. From this 
finding a recommendation can be drawn that housebuilders need to increase their use of 
partnering in order to fulfil the benefits from offsite. However, this recommendation is 
inconsistent, to some degree, with the results from the case study, which provides an 
insight of the case study company's strategy on supply chain management. 
The results of the case study confirm the principle on procurement that the expertise of 
manufacturers and suppliers should be procured and integrated into the design process 
early on (e. g. 7.3.9). This principle generally supports the argument made in most recent 
studies (e. g. Gibb 1999,2003; Sparksman et aL, 1999) into offsite that an early decision 
to take supply chains on board is critical to realising the potential benefits from using 
offsite. However, as to the operational strategy for implementing this principle, the case 
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study results show that the case company aspired to establish a dynamic supply chain 
for its housebuilding business rather than to commit itself to the use of any build system 
or any manufacturer (7-3.9). This finding appears to be in disagreement with the 
strategy provided by Mtech Group (2004b: 26) that "ensure that the system is chosen at 
the right stage in the design process. This means committing to a technique very early 
on". A possible reason for this disagreement is that the strategy provided by Mtech 
Group is based on the project context, whilst the dynamic supply chain aspiration of the 
case company is developed within the organisational environment. The main 
considerations for the dynamic supply chain were claimed as managing risks and 
maintaining flexibility and independence of business (see 7.3.9). This is understandable 
within the context, as found by Briscoe and Dainty (2005: 325), that, "in general, there 
was a preference for less structured or informal partnerships and loose alliances that 
were not moderated orprescribed byformal contractual arrangements". 
The strategy of establishing a dynamic supply chain, with which to procure the 
expertise of manufacturers and suppliers early on but not commit to them strategically, 
has been justified as 'valid' in the context of the case company. However, this appears 
to be inconsistent with the strategy of establishing strategic partnering alliances with 
manufacturers which is currently taken by a few large housebuilders (POST, 2003). The 
following text discusses this seeming inconsistency, which provides a further insight 
into the procurement strategy for using offsite within the organisational context. 
'Advance Housing' 1 can be an example of the strategic partnering alliances between 
housebuilding organisations; and manufacturers. This alliance was established to apply 
modem production line techniques to the building industry in order to produce high 
quality factory-finished homes. It provides an alternative to traditional construction 
methods through the use of lightweight galvanised steel panels and pre-finished pods 
(www. advancehousing. net, 06/08/2006). FOLI02 is another example, which provides a 
nationwide, affordable modular housing solution, in embracing the Government's drive 
towards delivering sustainable communities utilising MMC (www. foliohomes. co. uk, 
1 Advance Housing is a joint venture between Barrett Developments Plc, one of the largest housebuilders 
in the UY, and Terrapin International Ltd, a market-leading steel frame and modular manufacturer. 
' FOLIO is a strategic partnership between Flagship Housing Group, Omar Homes, Lovell Partnerships, 
Ingleton Wood, Oxbury & Company, Norwich City Council and Richard Jackson P1c. 
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06/08/2006). Also, - some large housebuilders possess their own manufacturers, e. g. 
Space4 of Westbury, Stewart Milne Timber Systems of Stewart Milne Group. 
The industry overall has been urged to increase the take-up of partnering (see 
Constructing Excellence, 2004c; Egan, 1998; Strategic Forum for Construction, 2002). 
The dynamic supply chain strategy of the case study company (see 7.3.9), in effect, 
shares with the industry partnering a number of characteristics, e. g. to improve 
performance and to create a win-win through trust build. However, the supply chain 
strategy in Countryside is a be-spoke strategy for the company. The considerations 
underlying this strategy recognised that Countryside was a large housebuilder but not 
the largest, that it maintained a relationship with its supply chain but kept independent 
on any of them, and that it focused on not only manufactures and suppliers but also 
subcontractors and specialists. The fundamental consideration was to standardise 
processes and manage risks associated with the use of offsite. In sum, the finding on the 
procurement strategy is significant as it demonstrates a good practice of the large 
housebuilder in improying its supply chain management to optimise the use of offsite. 
Strategies on learning and benchmarking 
The results suggest that learning and benchmarking can help generate an innovative 
culture within organisations and encourage the take-up of offsite technologies. The 
learning and benchinarking strategies used by the housebuilders appear to support the 
general literature on innovation. Tushman and Moore (1988) suggested that innovation 
should be linked to an organisation's strategy, which should, in turn, be driven by an 
assessment of external opportunities and threats. Managing innovation involves 
mediation between external forces for change and internal forces for stability. 
Housebuilding stakeholders must develop their organisational learning which is claimed 
by Van de Ven (1986) as at the heart of managing innovation. Despite the learning 
strategy taken in the case company overall, the results reveal that risk-averse attitudes 
existed among many senior managers. This is consistent with the statement in Seaden et 
al. (2003) that, though innovation leads to improiýed competitive advantage and greater 
profitability, it is risky, requires significant investment and is often resisted within the 
firm. 
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The housebuilders' aspiration to increase knowledge through learning and 
benchmarking reflects the concern that there is a lack of knowledge management in the 
construction industry overall. It has been claimed that most organisations need a more 
structured, coherent approach to knowledge management (Constructing Excellence, 
2004d) and the industry does not efficiently utilise the knowledge of the employees and 
the organisation as a whole (Egbu et al., 2005). Z' 
Nevertheless, there was a learning environment in the case study company overall. The I 
comparison between the results from the three levels of the case Study reveals a 
structure of learning mechanisms (Figure 9.2). The learning i-riechanisins included the 
Managing Directors' Forum at the group level (see 7.3.4), the Intervention Meeting at 4n 
the subsidiary level (see 7.4.2 and 7.5.2.5), and the Project Development Meeting at the 
project level (see 7.4.2 and 7.5.1.5). Working parties (see 7.3.4) were used as a means to 
effectively link these mechanisms. 
Figure 9.2 Structure of learning mechanisms used in Countryside 
F ------------------------------------------------ 
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These learning mechanisms, together, enable the effective implementation of the 
learning and benchmarking strategy of the company to optirmse the use of offisite. This 
addresses the concern in the study by Roy el al. (2005) that there is a lack of established 
mechanisms for learning and sharing knowledge and good practices in the UK Z: ' 
housebuilding industry. This also provides a worked Solution for the question raised in 
the study by Egbu et al. (1999) about the transfer of knowledge across teams and 
projects. The learning strategies used in the case company are consistent with the 11 
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finding of the study by Egbu et al. (1998) of four innovative construction organisations 
that the mechanisms of maintaining long-term relationships with suppliers, regular in- 
house seminars, post-project de-briefing, coaching and job rotation were used to transfer 
knowledge across project teams. The learning practices of the case company suggest 
that this strategy should be supported by the whole company. A learning and 
knowledge-sharing culture (Dainty et al., 2006; toosemore, et al., 2003) must be 
promoted. 
Strategies on training 
The construction industry has had a poor record of investing properly and consistently 
in education and training (Ball, 1996; Housing Forum, 2001). A strong reliance on 
subcontracting in UK construction adds problems to innovation and training (Ball, 
1996). Though pre-assembly delivers improvements to the industry, it is a fundamental 
error to believe that prefabrication can compensate for the lack of skills. On the contrary, 
prefabrication is likely to require levels of techniques and precision that will only be 
derived from high-level training (Housing Forum, 2001). The strategy on training 
addresses the warning given in Gann and Senker (1993) that in the absence of adequate 
investment in R&D and training of construction workers, there is a grave danger that 
industrialised building could result in the construction of poor-quality, expensive-to- 
maintain housing, as it did in the UK in the 1960s. Housebuilders in this study 
highlighted the importance of training in seeking long-term benefit and maintaining a 
low work turnover (6.3.7). This is consistent with the finding by Clarke and Herrmann 
(2004) that in order to transform the housebuilding process, investment in skills to 
enhance engineering and production expertise together with a regulated and stable 
employment relation offers a clear alternative to tinkering with contract relations and 
cost reductions. Also, the housebuilders suggested educating and training their staff on 
using offsite, and utilising a variety of training mechanisms such as offsite databases, 
internal seminars and lunchtime courses (6.3.7). This training strategy supports the 
recommendation provided by Egbu (2004: 313) for innovation management that 
targeted education and training should "reflect the nature of'innovation and KM 
(knowledge management) dimensions as very complex social processes". 
Up until now this section has examined the strategies and learning within the 
housebuilders for using offsite technologies. However, it is worth noting that the main 
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strategy used by the housebuilders in relation to the use of offsite was to involve those 
directly involved in the project delivery process (e. g. designers, manufacturers and 
suppliers). However, stakeholders who are indirectly involved (e. g. the public, mortgage 
lenders, insurers, planning authorities, building control) were seldom mentioned. This 
suggests that the housebuilders had developed substantial strategies within their direct 
supply chain, but neglected the great potential in the wider context of housing supply 
for using offsite. This situation should be improved as the vast majority of innovation 
problems *stem from a mismatch between technological possibilities and market 
demands (Tushman and Moore, 1988). However, this can be also argued as attributable 
to the complex context of UK housing supply (3.2) and the existing considerable 
barriers to offsite (3-5.5). 
Finally, the housebuilders' strategies discussed in this section are compared to the 
housebuilders' recommendations for the industry discussed in Section 9.2.6. This 
section-wise comparison reveals a general consistency between what the housebuilders 
perceived and what they practiced in relation to the use of offsite. Both housebuilders' 
perspectives and practices present a focus of strategies on changing peoples' 
perceptions, improving process and procurement, and promoting organisational learning. 
The fundamental factor that drives the implementation of these strategies is to improve 
product quality, mitigate financial risks and, ultimately, improve business long-term 
profitability. This confirms the 5-P elements embedded in the workable definition of 
offsite in this study which has been provided in Section 2.7. 
9.3 Discussion of the Main Research Outcome: The BSS Tool 
The preceding section has discussed the results of housebuilders' perspectives, practices 
and strategies in relation to the use of offsite technologies. This section examines the 
main research outcome, i. e. the BSS tool, and the data provided in the tool within the 
framework of existing knowledge. 
9.3.1 Overall Decision-making Process for Build System Selection 
The process used in the BSS tool is based on the MCDA approach (see 8.3). The use of 
this approach enabled complex decision problems to be decomposed into elements, each 
being measurable against a criterion or a group of criteria. The approach offered a 
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means to combine the results of elements into overall decision outcomes. Previously, 
very little research has applied MCDA theories and methods for addressing build 
system selection, though general decision theories have been somewhat used within 
general construction management research, e. g. for investigating 'contractor pre- 
screening' (e. g. Taha et aL, 1995) and 'tender evaluation' (e. g. Fellows and Langford, 
1980; Pongpeng and Liston, 2003). The lack of research in build system selection is 
significant given that there are currently over 100 offsite systems available in the UK 
market, being supplied by over 300 manufacturers/suppliers (Mtech Group, 2004a). 
The literature review has revealed that there has been a small number of studies that 
provide models or processes of selecting construction systems, methods or materials 
(see 4.4.5.3). However, the previous studies mainly focus on presenting their weighting 
and scoring processes but are not clear in establishing the decision context and 
justifying the criteria used and the options considered. Most existing models/processes 
(see Table 4.3) stop after an order of priority of options are generated. The consistency 
of the final choice suggested is not justified, nor are risk and uncertainties integrated 
into the decision-making process. Though some studies provide a structured decision 
process, they are confined to particular decision criteria, e. g. 'faster construction on site' 
(Delves et al., 2001), and specific decision context, e. g. for project use (Mtech Group, 
2004b). The BSS tool is consistent with these two studies in terms of the structured, 
transparent process. However, the tool, through integrating the approach of MCDA (see 
8.3), builds in more robustness and flexibility in addressing the decision problem. 
The study recommends that the BSS tool could be used not only to support decision- 
making in build systems selection but also to facilitate organisation learning in relation 
to the use of offsite technologies (see 4.3.5 and 8.3). These potential benefits address 
the concern of Larichev and Brown (2000) that decision analysis is not a formal, 
objective science for finding the best decision, but a process of helping people to 
understand a difficult problem and to express their personal values and wishes with 
respect to it. Larichev and Brown (2000: 263) also warned that "it is difficult to Mect 
the appropriate decision method for a practical task; especially in an organisational 
conte. xt. One must take into account distinguishing features, not only 
ýf the decision 
method and the task; but also importantfeatures of an organisation and of the decision 
maker". The BSS tool also addresses this warning effectively by incorporating not only 
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the results from- investigating the internal and external context, and the historical and 
current utilisation of offsite of the case company, but also the contributions from the 
wide industry and academic domain (8.3,8.12 and 8.13). 
9.3.2 Decision Criteria for Build System Selection 
The study has provided a hierarchy of decision criteria for build system selection in 
housebuilding (8-6), which takes into account the business context of housebuilding 
organisations. This addresses the current lack of knowledge of rational, robust and 
balanced criteria (see 4.4.2). At the macro level, the study is consistent with the existing 
body of knowledge as it has taken the high-profile concepts of cost, time, quality, health 
& safety, sustainability, process, procurement, and regulatory & statutory acceptance as 
the main objectives for decision-making in system selection. These concepts have been 
contextualised into the housebuilding business in the study. At the micro level, the study 
breaks the eight objectives down into 35 criteria, some being further broken down into 
sub-criteria for clarity (8.6.3). This provides a clear, structured analysis of decision 
criteria for build system selection in housebuilding. The process of clustering criteria 
incorporates the use of the knowledge base existing in the industry domain and the data 
collected from the large housebuilders investigated (Table 8.6 and Table 8.15). The 
results from the case study and the validation events reveal that decision criteria actually 
interact with each other, and, thus, must be clearly defined and explained in order to 
structure understanding and ensure consistent measurements (8.12.3). The research 
outcomes, in this regard, the value tree (Figure 8.3) and the checklist of criteria 
(Appendix D), provide a hierarchy of decision criteria and related definitions and 
explanations. This should help improve the understanding of decision criteria for build 
system selection in housebuilding. 
9.3.3 Weighting and Weights of Criteria 
The weighting methods used in the tool have been explained and justified in Section 
8.7.1 and tested in Section 8.13.3. The resultant weights of decision criteria have been 
provided for the'ease company (8.7.2) and others who participated in the validation 
(8.12.5). This section discusses the use of the weighting methods and the resultant 
weights with existing knowledge. 
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Sensitivity of weighting outcomes to the use of weighting methods 
The results show that the independent variable 'decision-makers' is determinant for the 
dependent variable 'decision weighting outcomes' (8.13.3). With specific decision- 
makers, the use of different weighting methods, i. e. TDR vs. AIHP, BDR vs. AIHP and 
PA vs. AHP (8.13.3), produce similar weighting outcomes that are highly correlated. 
However, with different decision-makers, the weighting outcomes become substantially 
different even when the same weighting methods are used. This finding seems to be in 
disagreement with the argument made by Roberts and Goodwin (2002) that the 
accuracy of weights is based on particular assumptions about how decision-makers' 
'true' weights are formed. This disagreement is probably attributable to the use of the 
step of examining results in the BSS exercise. The study participants were required to 
examine if the weights obtained reflected their perceptions of the degree of importance 
of criteria to addressing the decision problem. However, much previous research into 
weighting methods (e. g. Roberts and Goodwin, 2002) does not include such an 
examination step. 
Nevertheless, the correlations, between weighting outcomes from using different 
weighting methods, identified in the study are not perfect linear correlations (with 
Pearson r= 1). This is reasonable, and provides the evidence that no single weighting 
method will deliver the 'true' weights. Again, which set of weighting outcomes to use is 
subject to the final examination by decision-makers. This argument reflects the nature 
of decision-making in build system selection that housebuilders aspired for a transparent 
process rather than any sophisticated methods. The results therefore justify the initial 
consideration not to use sophisticated weighting methods for the tool. 
Combined use of PA and TDR 
Both pilot studies and BSS exercises suggests that the combined use of the methods 
TDR and PA is most appropriate for weighting criteria for build system selection. In 
this approach, TDR is used to weight criteria when the number of criteria is four or 
more, whilst PA is used when the number is four or less. This is because of the nature of 
PA that it may generate conflicting weights and, thereby, requires iterations of 
allocating points (8.2). This finding confirms the declaration in previous research (e. g. 
Doyle et aL, 1997; Roberts and Goodwin, 2002) that point allocation is a more difficult 
task than direct rating and decision-makers are constrained by the specified total value. 
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However, the results show that this is not always true and the use of PA becomes fairly 
simple and direct when weighting two or three criteria. The weighting outcomes from 
the case study and the current decision-makers validation reveal that the use of PA 
generally generates wider spread of weights than the direct rating methods do, despite 
the same rank. This appears to be consistent with the conclusion of the study by Doyle 
et al. (1997: 71) that "PA and Rating lead to different profiles of weights". However, the 
weighting outcomes from the future decision-makers validation does not suggest any 
substantial difference between the spread of weights obtained from using PA, TDR and 
BDR (8.13.3). This seems to be conflicting with the early results and the literature. This 
is probably because the different methods were explained explicitly to the future 
decision-makers in the group coursework exercises but not really to current decision- 
makers in the interviews due to time constraints. 
The discussion on the use of weighting methods suggests that, as long as the methods 
are clearly specified and explained before weighting and the examination of results is 
implemented, the change of weighting methods alone does not cause considerable 
unexpected differences to weighting outcomes. 
The use ofAHP 
The study does not recommend the method AHP for use in the BSS tool, though it was 
used to weight decision objectives to verify results from using other methods. A few 
discussion points explain this recommendation. Firstly, a large portion of the results of 
using AHP was checked inconsistent, with consistency ratios > 0.1 (see Saaty, 1980). 
However, this inconsistency seems not to be unusual, as claimed by Saaty (1994: 438) 
that "in making paired comparisons, just as in thinking, people do not have the intrinsic 
logical ability to always be consistent". Though Saaty (1994) suggested that the quality 
of a decision can be improved by addressing inconsistencies, the identification of such 
inconsistencies and addressing them were found to be involving tedious work. Secondly, 
the study shows that the use of AHP requires substantial beforehand training on using 
the technique (8.7.1). Though th& use of on-screen AHP questionnaires and computer 
programme for calculating the consistency of results on the spot could ease the exercise, 
the requirement of special IT input discourages the use of the method (8.7.2). Thirdly, 
despite the very wide applications of AHP (Vaidya and Kumar, 2006; Triantaphyllou, 
2001), the problem of rank reversals associated with its use concerned the study. 
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Though the study does not provide empirical evidence to join the long, wide debate on 
the problem of rank reversals (see e. g. Schenkerman, 1994; Triantaphyllou, 2001; 
Vargas, 1994), it speculates that that problem would occur if data over criteria defined 
on different units are additively aggregated. This echoes the observation made by 
Triantaphyllou (2001) that the use of additive functions may lead to inconclusive and 
erroneous results. This is not acceptable to the decision context of BSS since it is very 
likely to add new options or criteria to build system selection. However, the study 
would not hypothesise that the normalisation of eigenvector values causes rank 
reversals (ibid). Instead, the normalisation could change the spread of weights. Finally, 
the verbal expressions for the AHP scale points may be interpreted differently. The 
statistics of the frequency of selection of AHP scale points show a much stronger 
correlation between results from the same decision-maker but for different cases than 
that from different decision-makers but with the same case (8.7.2.2 and 8.13.3). This 
finding suggests that the human propensity for selecting AHP scale points may be 
subject to different decision-makers, which is consistent with *the observation in 
Leskinen (2000) and Poyhonen et al. (1997) that an important practical problem in the 
AHP is that the meaning of the verbal expressions varies between judges. For the four 
reasons discussed above AHP is not recommended for use in this tool, except for 
weighting the first-level criteria for verifying the results from using other methods. 
Weights of criteria 
The lack of research in decision criteria and weighing in build system selection (4-4.5.3) 
excludes a quantitative discussion of the weights obtained from the study. However, a 
qualitative comparative discussion provides an insight into the housebuildcrs' 
perspectives of the importance of the decision criteria. As to the weighting outcomes 
overall, all eight decision objectives were claimed as very important and no one should 
be left out of the decision-making in build system selection (8.12.5). This is in 
agreement with the existing body of knowledge in construction in general. Factors of 
cost, time, quality, H&S, process, procurement and sustainability have all been 
highlighted in the recent Government/industry studies (e. g. Constructing Excellence, 
2004e; Egan, 1998; Gibb and Pendlebury, 2005). There have also been increasing 
concerns with the use of offsite among the insurance industry and financial market (see 
BRE Certification, 2005). However, some resultant weights seem not to be in consistent 
with the verbal claims. The criteria of H&S and regulatory & statutory acceptance, 
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though regarded as essential in verbal terms, were weighted zero or very low. This was 
because these criteria were thought to be compulsory and should be complied with, no 
matter what types of build systems were selected. This finding reflects the concerns of 
the wider industry with regulatory and statutory acceptance of housing built by using 
offsite (see 6.5.1 and 6.5.2). Also, some housebuilders weighted cost significantly 
higher than others did. This was probably because of the different types of company 
nature and business context. The use of different weighting methods may also 
contributed to this result. This suggests the need for a wider application of the BSS tool 
to enrich the data of weights of decision criteria. 
Both the weighting outcomes from the case study and the housebuilder validation show 
that cost was considered as the most important decision criterion in build system 
selection (8.7.2.1,8.7.2.2 and 8.12.5). This result is consistent with the results from the 
housebuilder survey that ensuring cost certainty was one of important drivers for using 
offsite (6.3.3) and current higher cost associated with the use of offsite, either real or 
perceived, was also the most significant barrier against its take-up (6.3.4). This finding 
reflects the current perception of the industry at large identified in Birkbeck and 
Scoones (2005) that housebuilding by offsite is more expensive than by traditional 
construction methods. Some recent publications has argued against this 'cost myth' and 
offered strategies to overcome it (see 2.6.4). It is understandable that the housebuilders 
weighted cost as the highest given the overall cost-driven approach in the industry. 
The results show that time criteria were also weighted high, which reflects the current 
Government's call for building homes more quickly and efficiently using Mmc (NAO, 
2005b) in addressing the under-supply of housing. Time criteria were weighted higher 
for the case of social housing than for private developments, and for apartment 
construction than for housebuilding. This was because the housebuilders were primarily 
concerned with the different financial structures associated with projects and aspired to 
achieve the match between their speed of build and their rate of sales (8.12.5). This 
finding confirnis the claim of Venables et aL (2004) that the business drivers and 
models of speculative and social developers are different. 
Most participants also claimed that the criteria were interrelated with each other so that 
absolute, perfect weights were actually difficult to elicit. This result justifies the need 
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for breaking down the eight main objectives into detailed, workable criteria and 
providing explicit definitions of the criteria. These needs have been addressed in the 
BSS tool. 
9.3.4 Measuring Performance, Scoring & Obtaining Decision Outcomes 
The methods of measuring performance, scoring and obtaining decision outcomes and 
the results from using the methods in the cases Study and validation events have been 
explained and justified in the BSS chapter. This section discusses the process frorn 
measuring performance to obtaining decision outcomes, the methods used and the 
results obtained. 
The processfroin verbal measurements, numerical scorcs to verbal grades 
The process of measuring perfon-nance of build systems and scoring in the Study can be 
simplified into two three stages linked by two transformations. The first is to transform 
performance measurements in verbal expressions into numerical scores. The second is 
to transform numerical weighted scores into verbal grades of results (Figure 9.3). 
Figure 9.3 Process of measuring and scoring used in the Study C, 
From verbal to numerical From numerical to verbal 
Verbal expressions Numerical scores Verbal grades 
Qualitative measurements Quantitative presentation Qualitative conclusion 
Combine the weights and 
scores using linear model 
Therefore, the too] provides a mechanism for obtaining final verbal grades of results 
using initial performance measurements in verbal expressions. The first transformation 
of this mechanism addresses the methodological argurnent made in Larichev and Brown 
(2000) that people use the verbal way of communication much more easily than the 
nurnerical way. It also supports the statement by Erev and Cohen (1990: 17) that 
. 
forcing people to give numerical expressionsft)r vague situations where the), can onlý), 
distinguish between afiew levels of probability inay result it? misleading assessnients". 
The second transformation develops further the argurnent ofl-arichev and Brown (2000: 
270) that "it is possible to use quantitative methods ofitifonnation processing". 
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Methods of measuring performance 
The methods Direct Rating (DR) and Pair-wise Comparison (PC) were used for 
measuring performance in the study. The participants claimed that the use of DR was 
direct, simple and easy-to-understand, whilst the use of PC was more difficult since it 
required the procedures of pair-wise comparisons and the transformation from relative 
measurements into absolute measurements (8.13.4). Many participants, who were 
supposed to use PC, used DR instead. Those who continued to use PC applied a linear 
model for transforming relative measurements into absolute measurements (8.13.4). 
This result echoes the observation of Podinovski (2002) that no rigorous definition of 
the concept of relative importance has been introduced and the use of the concept is 
relied on an intuitive understanding. The study does not join the debate over the 
measurement scales for pair-wise comparisons in which many studies attempt to 
provide mathematical models to elicit 'true' preferences of decision-makers (see 
Leskinen, 2000). Instead, the study used a simple, linear model for transforming relative 
measurements into absolute measurements. However, the results still suggest decision- 
makers' reluctance to using it. One of the reasons may be due to the general low level of 
usage of any decision support methods/techniques in housebuilders. This suggests a 
potential area where further research may be carried out. 
Transforming verbal measurements into scores 
The considerations for using the linear model for transforming verbal measurements 
into numerical scores have been provided in Section 8.8.3. This approach was validated 
by the results from both current (8.12.6) and future decision-makers (8.13.4) who 
preferred to use a linear model for transforming verbal expressions into numerical 
scores. Most of them also argued that different people would have different preferences 
over scores so that the use of non-linear models would confuse people. However, both 
the current and future decision-makers in the study used a few modified versions of the 
original transformation scale (8.13.4). All of the modified scales are highly correlated 
with each other, but are different in terms of the design of their start and end points, and 
their range. A valuable point was made that the starting point of the scale should not be 
V since that would create a possibility that a weighted score may be V as well. This 
observation confirms, in part, the scale of 10 - 110 used 
ýy Fellows and Langford (1980) 
who claimed a starting point of 10 avoids the possibility of 'outcomes' having zero 
value. However, the study does not agree with the end point of 110 suggested by them 
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because that would bring difficulty to interpreting decision outcomes. Instead, the use of 
the end point of 100 would ease the interpreting since that is normally used and widely 
accepted. For the same reason, the study excludes the use of other end points, but 
recommends the linear scale from I to 100. 
Obtaining decision outcomes 
The method statement of combining weights and scores in a additive model to obtain 
decision outcomes has been provided in Section 8.9.1. The use of the additive model 
has been criticised for causing problems of rank reversals (e. g. Triantaphyllou, 2001). 
However, this criticism does not apply in the study. This is because the decision criteria 
used to measure performance against were all defined on the same unit, i. e. preference 
from 0 to 1. Cost criteria were defmed in the case study, but were taken out of the 
combination. Another reason is that the performance scores were based on direct, 
absolute measurements. Though some original data are relative measurements obtained 
using paired comparison questions, they were transformed into absolute measurements 
subsequently (see above). The use of the additive model was validated by the results 
from validation events. The results also reveal that housebuilders expect different levels 
of combination of weights and scores so that appropriate presentations of decision 
outcomes can be produced for the board level, departmental manager level and 
operational level. In terms of the participants who are the technical directors/managers, 
they expected both combined decision outcomes to the level of the eight decision 
objectives and the detailed performance matrices. This conf=*s the aspirations for three 
forms of presentation of outcomes existing in the case company (8.10). 
The overall weighted scores obtained from the results from the five companies have 
been provided (Appendix J). Though it could be argued by positivists on the 
generalisability of the results, they do provide the perspectives of a few large 
housebuilders' on the performance of a series of build systems. The results are 
representative of the industry perspectives since the companies contribute a tenth of the 
housing unit completions by the industry overall anyway (see Table 8.14). Also, the 
quantified presentation of the housebuilders' views enables an effective comparison 
between the results from them. However, for interpreting the results, the reader is 
warned here that a company-to-company comparison may need to take into account 
factors other than the final overall weighted scores. This means, for instance, the final 
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score '64%' by Taylor Woodrow does not necessarily mean an inferior measurement of 
the system brick & block than that, 83.1%, by Bovis. This is because the companies 
may have diverse business emphasis on house types and build systems, or simply 
different perceptions of the quantitative presentations of assessments. In brief, the 
decision outcomes included in the current tool, which are from the six large 
housebuilders, should be interpreted in the approach of 'replication logic' (Yin, 2003), 
though they do provide, to some extent, quantitative generalisation. 
In effect, this 'replication logic' provided by. the use of the BSS tool reflects the 'true' 
picture of using offsite systems in the industry. It confirms the strategy provided by 
Mtech Group (2004b: 26) that "It is important to avoid copying the correct evaluation 
decision from one project across to the next. Yhe factors that lead to a project team to 
correctly select the techniques on one project are rarely the same as the next'. The 
built-in function of improving learning of the BSS tool addresses the importance of 
learning, which confmns the statement made by Mtech Group (2004b) that no software 
tool will make up for lack of Imowledge within the project team. This discussion point 
suggests the need to apply the tool in a wider industry context, from which more data 
could be captured and, thus, used to increase the extent of both 'replication logic' and 
quantitative generalisation. 
9.4 Summary 
This chapter has integrated and discussed the results of the study within the context of 
the existing body of knowledge. In relation to the research questions and objectives the 
discussion has covered the aspects of the current and potential usage of offsite in 
housebuilding, peoples' attitudes, the drivers and the barriers, and strategies for 
optimising the use of offsite. The main research outcome, the BSS tool, has been 
discussed in a separate section for clarity, in terms of the overall decision-making 
process, decision criteria and decision support methods and techniques in relation to 
build system selection. The discussion unveils the relationship between the re§earch 
results and existing knowledge. This leads to the presentation of the achievement of the 
research objectives, knowledge contributions made by the study, and the conclusions of 
the thesis in next chapter. 
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10 CONCLUSIONS 
10.1 Introduction 
Chapter 1 has introduced the thesis and the subsequent four chapters developed the 
theoretical and methodological framework of the thesis. Chapter 6,7 and 8 have 
analysed the results and interpreted the findings. The preceding chapter (9) has then 0 
discussed the results overall. This chapter concludes the thesis, presents the 
contributions of the study to knowledge and summarises the publications to date from 
the study. The achievement of the research objectives and the research question is 
summarised. The chapter also discusses the implications of the study for theory and 
practice. The chapter then examines the limitations of the study, and offers guidance to 
future research that could further contribute to knowledge of utilising offsite 
technologies in housebuilding. 
10.2 Achievement of the Research Objectives 
With the theoretical framework of knowledge (Chapter 2,3, and 4), the thesis has, up to 
now, presented and discussed the results of the study (Chapter 6,7 and 8, and 9 
respectively). This section assesses whether the study has addressed its aims, objectives 
and research issues. The aim of the research was to provide a strategy for housebuilders 
to optimise the use of offsite technologies. In pursuance of this aim, six objectives were 
developed, which were addressed through examining the research issues that performed 
as a framework for data collection and analysis. With reference to the outline of the 
objectives and research issues provided in the introductory chapter (Table 1.1), the 
section addresses their achievement through the study. 
10.2.1 Objective One 
The first objective was to clarify the concept of offsite and provide a workable 
'definition of offsite in housebuilding with the organisational context embedded. To 
achieve this objective three research issues were investigated. Firstly, the study has 
clarified the many offsite-related terminologies by conducting a thorough historical 
evaluation of the concept of offshe (2.2 and 2.3) and providing a categorisation of the 
terminologies (2.4). Secondly, it has provided a workable definition of offsite in 
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housebuilding (2.7). This definition integrates the existing body of knowledge but also 
embodies the general housebuilding business within the organisational context. Thirdly, 
the study has identified the challenges (3.2) facing, and the characteristics (3.3) of, the 
housebuilding industry. It has also provided a review of the historical evolution (3.4) 
and current use (3.5) of offsite in housebuilding. A chronology of recent contextual 
Government and industry research/initiatives (Figure 3.1) has been provided to help 
highlight the case of taking up offsite. 
10.2.2 Objective TWo 
The second objective was to identify the perspectives of housebuilders on the use of 
offsite, including their attitudes, the driving forces and inhibiting factors, and the 
potential use of offsite. Two research issues were examined in this regard. The research 
has clarified that housebuilders take a significant role in the take-up of offsite 
technologies (3.7). The housebuilder survey has investigated housebuilders' attitudes, 
the drivers and barriers, and their potential use of offsite (6.3 and 6.4). It has shown that 
most of the housebuilders were open to the approach of offsite and 58% planned to 
increase their use of offsite by a tenth or two (by volume) in the near future (6.3.2). 
However, the need for a step change in the use of construction methods was not 
identified. The use of offsite was claimed as being inhibited by a combination of real 
and perceived barriers coming from the historical context and existing with current 
practices (3.4,3.5 and 6.3.4). The housebuilder survey was carried out of the top 100 
firms by unit completions, with an overall response rate of 36%. The participant firms, 
together, contribute more than 30% to the housing unit completions by the industry 
overall. 
10.2.3 Objective Three 
The third objective was to reveal housebuilders' current practices of using offsite 
technologies. The study has reviewed the practices identified in previous research (4.2 
and 4.3). It has then provided a 'valid' and 'reliable' picture of the practices of 
housebuilders per se of using offsite through the survey of the top 100 firms (Chapter 
6). The study has revealed that the level of the current usage of offsite in housebuilding 
is low (6.3.1). It has also shown that successful anecdotal evidences of using offsite and 
failures in delivering projects or realising the benefits from offsite co-exist in the 
industry. 
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10.2.4 Objeýfive Four 
The fourth objective was to explore the current strategies of housebuilders for using 
offsite technologies. The research has reviewed the existing knowledge of utilising; 
offsite technologies (4.2 and 4.3). It has then investigated, through the combination of a 
questionnaire survey and personal interviews, the strategies and leaming; points of 
housebuilders in relation to the use of offsite (6.3.6,6.3.7 and 6.3.8). The review and the 
survey, together, enabled the development of the framework of strategies for optimising 
the use of offsite in housebuilding. Further to the survey, the study has investigated in- 
depth the practices of using offsite in a large housebuilding organisation (Chapter 7). 
This case study has contextualised the strategies identified early using specific 
organisations and projects. The case study enabled the development of the high-level 
checklist of strategies for optimising the use of offsite in housebuilding (Figure 7.12). 
This checklist takes account of the general housebuilding business processes (Figure 
7.10 and Figure 7.11). 
10.2.5 Objective Five 
The fifth objective was to develop a robust, structured, transparent strategy for 
housebuilders to optimise the use of offsite technologies. Two research issues were 
investigated for that purpose. The study has reviewed the current decision-making 
practices for build system selection in the industry (4.5). It has shown that 
housebuilders' current decision-making for build system selection is based on a 
heuristic approach (6.3). There is a lack of rationalised decision criteria for selection 
and the process of selection is opaque and unstructured. The research has then identified 
that there exist aspirations in housebuilders for improving the current decision-making 
approach (7.4.2,7.3.10 and 7.3.11). In pursuance of these aspirations, the study has 
developed a robust, transparent decision support tool for build system selection. The 
BSS tool draws on the Multi-Criteria Decision Analysis (MCDA) approach (4.4), 
embodies the general housebuilding business (3.3,7.3 and 8.4), and reflects the current 
strategic commitment to optimising the use of offsite in the case company (7.3). 
10.2.6 Objective Six 
The sixth objective was to validate the decision support tool in terms of both the data 
included and the decision methods used. To realise this objective four research issues 
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were investigated. Firstly, the research has investigated the existing body of knowledge 
of decision support theories and techniques (4.4). It has then validated the BSS tool 
through two series of events: face-to-face interviews with five large housebuilders other 
than the case company (8.12), and group coursework by 81 university students, in 26 
groups from four construction management-related programmes (8.13). More than 60 
decision criteria were verified which are clustered under eight main headings: cost, 
time, quality, health & safety, sustainability, process, procurement, and regulatory & 
statutory acceptance (Figure 8.3). The research has also established databases of 
weights of criteria and performance measurements of build systems (Appendix H& J), 
which provide valuable data for decision-making in build system selection. Moreover, 
the use of multiple decision-making methods and techniques were examined in the field 
of construction management. Overall, for the validation objective, the research has 
provided worked examples of using the BSS tool by industry practitioners and academic 
users. The findings emerged in terms of the improved decision-making process are 
analytically generalisable to the wide context of housebuilding in relation to using 
offsite technologies. Though the data generated of the weights, the scores and overall 
decision outcomes are based on the practices of six large housebuilders, care should be 
taken for generalising the data in a quantitative sampling logic. However, they can be 
used as a starting point for decision-making by end-users of the tool since the six 
companies contribute 10% to the housing unit completions by the industry overall. 
in conclusion, the original research objectives set out in the introductory chapter have 
been successfully achieved. 
10.3 Answering the Research Questions 
The research was carried out to address the primary research question which is stated in 
the introductory chapter (1.3.1). 
"How can housebuilders optimise the use of offsite technologies? " 
To answer this question requires preliminary knowledge of housebuilders' perspectives 
and practices on the use of offsite technologies. As highlighted in the introductory 
chapter (1.2.3) and evaluated in the literature review chapters (2,3 and 4), the existing 
body of knowledge does not provide such a knowledge base for answering the primary 
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question. Within this context, the research has addressed the lack of the knowledge base 
threefold. It first identified the perspectives of housebuilders; on the use of offsite 
technologies. By this step housebuilders' attitudes, the drivers and barriers, and the 
potential use of offsite were provided. It then revealed housebuilders' current practices 
of using offsite technologies. This step also enabled the identification of housebuilders' 
decision-making approach and their general business processes. After that, the research 
explored the strategies that housebuilders take for using offsite and the leaming points 
that housebuilders gain from their experiences. 
With the knowledge from the literature and created through the above three steps, the 
research consequently developed a robust, transparent strategy for housebuilders to 
optimise the use of offsite technologies. This strategy addresses the need for an 
improved decision-making approach (1.2.3 and 4.6) by providing a decision support 
tool for build system selection. The tool provides a validated process and robust, 
valuable data which help deliver informed, rational, transparent decisions in relation to 
the use of offsite. Overall, the research has successfully answered the questions it 
imposed at the outset of the study, but also provided reasonable justifications for such 
answers. The next section summarises the contributions of the study to knowledge. 
10.4 Contributions of the StudY - 
The study has achieved its original research objectives (10.2) and successfully answered 
the research questions (10.3). The results of the study (Chapter 6,7 and 8) and the 
discussion of the results with the existing body of knowledge (Chapter 9) clarified the 
de velopment of knowledge contributions of the study. The contributions have been 
stated in Table 1.1 in relation to the objectives and research issues. They are 
summarised into four aspects as follows. 
A contribution to the theoretical understanding of the concept of offsite 
The study has made a contribution to the theoFetical. understanding of the concept of 
offsite by providing a workable definition of offsite in housebuilding with the 
organisational context embedded (2.7).. A number of terminologies have been defted to 
present the concept of offsite during the past century (2.2 and 2.3). However, few 
previous studies attempt to confine the concept of offsite to housing per se. Though the 
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many offsite-related terminologies used in the history are with their rich political, social, 
economic and technological context, the organisational context has been overlooked. 
This is significant given the current Government call for addressing the under-supply of 
housing and the industry aspirations for improving quality performance. The study has 
addressed the need for increasing knowledge of the concept of offsite in housing 
construction. The definition is not a pure technical definition of offsite technologies, but 
embodies its human, organisational, industrial and social context. 
In addition to the provision of the definition, the study has also provided a critical 
review of the historical evolution of the concept of offsite during the last nearly 100 
years. It has presented a categorisation of the many offsite terminologies used and still 
in use, which produces four category terms under the use of affixes of OS, PRE, NM 
and Building. This categorisation tidies up the terms and reflects the historical context 
in which they were generated. The study has then presented an integrated picture of the 
main taxonomies of offsite technologies provided in previous research, which shows no 
substantial differences between the taxonomies. Furthermore, the study has investigated 
the relationships between offsite and other concepts including innovation and MMC. 
This investigation provides an integrated body of existing knowledge which helps dispel 
the current myths about offsite that offsite and innovation are not 
different; offsite can 
only produce non-traditional-looking housing; offsite and onsite are mutually exclusive; 
offsite costs more; and offsite is a panacea. 
The provision of insight into housebuilders' perspectives, practices and strategies in 
relation to the use of offsite 
The study has contributed to the understanding of housebuilders' perspectives, practices 
and strategies in relation to the use of offsite. Previously, very little research has been 
done of housebuilders per se with regard to the use of offsite. The literature has shown a 
current interest in the use of offsite for affordable housing supported by Governrnent 
policies, but very little has been known of the organisational. context and business 
drivers in the private sector for the take-up of offsite. It is reasonable to argue that 
housebuilders, among the wide range of industry stakeholders, hold a very important 
position regarding whether or not to take up offsite. This is because in the UK 
housebuilders contribute nearly 90% to the new build housing supply by the industry 
overall (3.7). The study has addressed this knowledge gap by carrying out an 
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investigation of the top 100 housebuilders of their perspectives and practices of using 
offsite. This provides the housebuilders' attitudes, the drivers and barriers, their current 
and potential use of offsite, their strategies for and learning points from using offsite IP 
(6.3 and 6.4). The results form a body of knowledge of housebuilders; in relation to the 
use of offsite. Furthermore, the study has provided an in-depth organisational. account 
into which this body of knowledge has been contextualised. This case study has also 
revealed the housebuilding business model and examined the corporate commitment to 
an increased take-up of offsite of a large housebuilder. 
The provision of a robust, structured and transparent decision-making strategy for 
build system selection 
The study has provided a decision support tool for optimising the use of offsite 
technologies in housebuilding based on the study of six leading housebuilders. There is 
very limited knowledge available at the moment regarding build system selection for 
housebuilding projects (see 4.5 and 4.6). A direct effect of this on housebuilding 
organisations is that they have to rely on their past experiences and individual 
knowledge for decision-making. The current decision-making process is opaque and 
unstructured, in the lack of rationalised decision criteria. These factors, together, 
substantially inhibit the take-up of new, innovative build techniques and systems. The 
housebuilder survey and the case study suggest that housýbuilders aspired to improve 
their current decision-making approach (6.3.8 and 7.5.11). In addressing the knowledge 
gap and pursuance of housebuilders' aspirations, the study has contributed a robust, 
transparent decision support tool for build system selection. The tool provides a 
validated structured, transparent decision-making process, based on the use of more 
than 60 decision criteria and robust weighting and scoring methods, and supported by a 
series of databases of system selection. The criteria are clustered under headings of cost, 
time, quality, health & safety, sustainability, process, procurement, and regulatory & 
statutory acceptance. The databases cover the area of weights of criteria and 
performance measurements of systems. Coupled with the tool, a high-level checklist of 
strategies was presented for optimising the use of offsite in housebuilding . Ibis 
checklist provides strategies and stage reviews of using offsite, which are aligned with 
the general housebuilding business process. 
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A contribution to the methodological body of knowledge within construction 
management research 
The study has also contributed to the methodological body of knowledge within 
construction management research. This includes contributions from two aspects. First, 
the study has added one more successful example of combining different research 
strategies to address the research problem and achieve objectives. This combined 
approach was used for designing research approaches, research types, and research 
methods and techniques. Previously, no research, in a single study, has combined the 
use of questionnaire survey, interviews and case study for investigating the use of 
offsite. The study, in pursuance of its aims, has successfully combined the multiple 
research strategies. It has also triangulated a range of research methods and techniques, 
and provided reflections on using them. 
Second, the study has provided an application of measurement theories and Multi- 
Criteria Decision theories and methods in construction management research. Through 
the exercise of measuring performance of build systems, the study has tested a number 
of measurement scales. Through the development and validation of the BSS tool, the 
study has provided an effective application of MCD theories in construction 
management research and tested a few weighting and scoring methods which include 
TDR, BDR, PA, AHP, DR and PC. 
To sum up, the study has made contributions to knowledge in relation to the use of 
offsite in housebuilding from the aspects of theoretical understanding, practical 
strategies and methodological comprehension. 
10.5 Publications to Date from the Study 
Several publications have already been derived from the study, which help disseminate 
the knowledge contributions of the research to the wide industry and academic domain. 
The publications are listed chronologically as follows and summarised briefly in themes 
in Table 10.1. 
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1. Pan, W., Dainty, A. Rý J., and Gibb, A. G. F. (2004), Managing Innovation: A focus ARCOM 
on Off-site Production (OSP) in the UK housebuilding industry, Proceedings of the 
201h ARCOM Annual Conference, Khosrowshahi, F. ed., Vol. 2,823-30, Edinburgh, 
1-3 September, ARCOM, Reading. 
2. Pan, W., Dainty, A. R. J., and Gibb, A. G. F. (2004), Encouraging Appropriate Use CIB SC 
of Off-site Production (OSP): Perspectives of Designers, in Sustainability and 
Innovation in Construction and Real Estate, Proceedings of the 2 nd CM Student 
Chapters International Symposium, Wu, X. et al., eds., pp. 125-36, Beijing, China, 
30-31 October, The Hong Kong Polytechnic University, Hong Kong. 
3. Asad, S., Fuller, P., Pan, W. and Dainty, A. R. J. (2005) Learning to innovate in ARCOM 
construction: A case study, in Proceedings of the 21' ARCOM Annual Conference, 
1215-24, Khosrowshahi, F. ed., ARCOM, London. 
4. Pan, W., Gibb, A. F. G. and Dainty, A. R. J. (2005) Offsite Modem Methods of LU/ 
Construction in Housebuilding - Perspectives and practices of leading UK Buildoffsite 
housebuilders, Buildoffsite, London. ISBN 0 86017 915 X. Previously published by 
Loughborough University, Loughborough. ISBN 0 947974 34 2. 
5. Pan, W., Gibb, A. F. G. and Dainty, A. R. J. (2005) House Proud: Practices and OSC 
strategies of leading UK housebuilders on offsite-MMC. Offs1te Construction, 
Winter, 20-2. 
6. Pan, W. (2006) Cost Effective and Innovative Solutions Using Offsite Techniques, CIRIA 
Construction Productivity Network (CPN) Members' Report E6103, CIRIA, CPN 
London. 
7. Pan, W., Gibb, A. F. G. and Dainty, A. R. J. (2006) Perspectives of housebuilders CME 
on the use of offshe Modem Methods of Construction. Construction Management 
and Economics, Accepted on 23 May 2006. 
8. Pan, W., Gibb, A. F. G. and Dainty, A. R. J. (2006) The Utilisation of Offshe BRI 
Modem Methods of Construction by Leading Housebuilders. Building Research 
and Information, In Press. 
Table 10.1 Publications to date derived from the study 
Theme of publication Publication Study focus of Academic/Industry 
publication domain (main) 
Perspectives of the use of ARCOM04 Overall/wide context Academic 
offsite CEB SC Designers Academic 
CME Housebuilders Academic 
Practices of using offsite BRI Housebuilders Academic 
& strategies for OSC Housebuilders Industry 
optimising the use of CIRIA CPN Industry overall Industry 
offsite ARCOM05 Construction firms Academic 
Overall LU/Buildoffsite Housebuilders Industry 
In addition to disseminating knowledge contributions of the study on an interim basis, 
the process of achieving these publications sharpened the researcher's thinking, 
provided an insight into the issue under research, and thereby, helped achieve the 
completion of the thesis. 
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10.6 Implications of the Study 
The study has not only made a contribution to knowledge in the immediate discipline, 
i. e. on optimising the use of offsite technologies in housebuilding, but also has 
implications for the wider body of knowledge. This section explains the usefulness of 
the study outcomes to theories and practice. It also summarises the possible future 
effects of the study on both the industry and organisational context. 
10.6.1 Implications for Theory 
The study has contributed to the theoretical understanding of the concept of offsite by 
providing a workable definition in housing construction with the organisational context 
embedded. This contribution has an implication in shaping future research in offsite to 
appreciate the complexity of the housebuilding business at the organisational level. The 
study has also contributed a robust, structured and transparent strategy for build system 
selection for optimising the use of offsite technologies in housebuilding. This is 
significant given the current context in which the heuristic approach predominates 
decision-making in construction. The study has provided a successful example of 
applying the decision theories of business management sciences in housing construction, 
and speculates on an increased use of those theories to address problems in construction 
in the futdre. 
It is important for research seeking explanations for how organisational processes affect 
decision-making that it should contribute to the theory of work and organisations (see 
Dainty, 1998). This is because, in cultural studies, academic theory and activism can 
inform each other (see Itzin and Newman, 1995). In this regard, the study has an 
implication in the related disciplines including innovation management, innovation 
diffusion and decision-making within the organisational context. Moreover, by 
providing empirical experiments for the decision support tool, the study contributes to 
wider organisational and decision theory. 
The study has also provided a worked example in construction management research 
that a good data collection management is critical to ensure the 'validity' and 
'reliability' of data. Within the existing knowledge reviewed (e. g. Bryman, 2004; Patton, 
2002), the study suggests that the data collection management can be modelled into 
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three stages: pre-data collection, during-data collection and post-data collection. For 
pre-data collection, an agenda of the data event should be provided to participants once 
the connection with them is established. It is then important for researchers to follow up 
to brief participants on the data event and clarify any confusions arising. For the process 
it is extremely important to build a rapport with participants. As to during-data 
collection, the researcher recognised that there were normally a considerable portion of 
transcripts on 'administration issues' for the study or something else that seemed to be 
indirectly linked to the research issue. This included briefing on the data collection 
event, explaining background and context, and setting the time schedule for follow-up 
actions. These activities helped organise the study, improve the rapport, gain further 
access to data and enrich the context of the issue, so that they were regarded as never 
less important than main data collections. With regard to the stage of post-data 
collection, it is significant to 'handle' data collected as early as possible. This includes 
storing the data, either in hard copy or electronically, transforming the data, e. g. 
transcribing and expanding the notes, and analysing the data. The analysis at this stage 
may be on an interim basis, but they help the researcher develop her/his understanding 
of the issue and generate further ideas for study. 
10.6.2 Implications for Practice 
Having taken the practical considerations (5.3.2) for the research design, the study has 
presented a reasonably 'real' picture of using offsite by housebuilders. It has also 
unveiled the decision-making in build system selection of leading housebuilding 
organisations. The process of study and the research outcomes have brought a few 
practical implications in relation to the use of offsite. 
77ze BSS model 
The BSS model provides a structured, transparent and robust approach to build system 
selection for housing construction. It also helps structure peoples' thinking of using 
offsite, enhance organisational learning, and, thus, improve business efficiency. The 
model, based on the MCDA approach, was developed through the one-and-half-year 
case study of Countryside and verified by other five large housebuilders. The principle 
of the model has been integrated into Countryside's corporate document, the 'Guide for 
Design'. The model is currently under consideration for use in a wider context of the 
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company. The study has provided worked examples of using the BSS tool by industry 
practitioners and academic users. 
Me BSS databases 
The BSS databases provide valuable, robust data on the use of offsite technologies. The 
databases provide technical and managerial information on the use of offsite, and 
integrate strategies and learning points from past experiences. They were developed 
through the study of the related literature and the practices of large housebuilders. The 
databases include: 
1. Yhe checklist of criteria and weighting. This checklist defines and explains more 
than 60 decision criteria for build system selection. The criteria are clustered 
into three levels, objective, main-criteria and sub-criteria, and under eight 
headings, cost, time, quality, health & safety, sustainability, process, 
procurement and regulatory & statutory acceptance. The weights are currently 
illustrated using the data from Countryside, but the provision of weighting 
matrices, based on Excel Spreadsheet, enables weights to be easily obtained 
under different decision context. 
2. Ae database of weights. This database provides the weights obtained from the 
weighting results from six large housebuilders whose housing unit completions 
account for a tenth of that by the industry overall. 
3. The database of build system performance. This database provides the 
performance descriptions of a few build systems against the criteria provided. 
The current database includes six build systems for apartment construction, with 
the data mainly from Countryside. The database constructs a sound base for 
learning and enables informed decision-making. 
4. The performance matrix of build systems. This matrix provides the performance 
measurements, in verbal assessments, of a few build systems against the criteria 
identified. The current matrix integrates data from the six large housebuilders. It 
helps decision-makers to obtain a quick, qualitative understanding of the build 
systems. 
5. The weighted scoring matrix. This matrix provides decision support outcomes 
for build system selection. It transforms verbal assessments into scores, and 
integrates the scores and weights to produce overall weighted scores for each 
system. The current matrix includes data from the six companies. 
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Perspectives andpractices of the top 100 housebuilders of using offsite 
The study has revealed the perspectives and practices of large housebuilders of using 
offifte through the survey of the top 100 companies. It has also contextualised the 
results by conducting the in-depth investigation of related practices in Countryside. The 
results, both in the wide industry context and of the individual organisation, can be used 
by other companies to position their related perspectives and practices. They could also 
learn from the strategies and learning identified in the study. 
To sum up the implications of the study for practice, two aspects appear to be 
significant. In the wide industry domain, the research outcomes could be incorporated 
into the current related industry programmes/initiatives. This would help increase the 
industry's understanding of the use of offsite and, thus, make a contribution to the 
current industry's call for a 'step-change'. For individual organisations, the outcomes 
could be used to improve decision-making, facilitate learning and benchmark good 
practices in relation to the use of offsite. This would, in the end, increase business 
efficiency and long-term profitability. 
10.7 Limitations of the Study 
Section 1.4.3 has previously outlined the delimitations of the research scope that were a 
deliberate part of the research. This section discusses the limitations of the study that 
became apparent during the process of the research. 
lbough the exploratory and supplementary work covered a wide range of industry 
stakeholders in the take-up of offsite, the main data collection events of the study did 
not include small-sized housebuilders. This may cause "sampling error" or "sampling- 
related error" (Bryman, 2004) although the justifications and considerations for 
sampling the top 100 housebuilders were provided (3.7 and 5.4). This is because there 
exist some small but offsite specialist housebuilding companies in the market. Non- 
response from the sample companies also adds to the error. There could be, arguably 
existing in most research, "data collection error" and "data processing error" (Bryman, 
2004) in the study. This may particularly exist in the part of the quantitative research in 
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which the researcher used his "personal constructs" (Kelly, 1991), to a varied degree, to 
measure, analyse and interpret data. 
Whilst the overall approach of the BSS tool was developed from the body of existing 
knowledge and research in wide perspectives, the data provided in the tool such as the 
weights of criteria and the measurements of systems are based on the perspectives and 
practices of six large housebuilders. Though these six companies account for a tenth or 
so housing unit completions of the industry overall (8.12.1), the data should be 
interpreted as a combination of 'replication logic' (Yin, 2003) and quantitative 
generalisation. A wide application of the tool is useful from which the data can be 
enriched. There may be an indirect limitation of the tool in relation to the use of Multi- 
Criteria Decision methods and techniques. Some sophisticated methods were introduced 
but not used for the tool since the more direct and simple methods are more appropriate 
for the current decision context of housebuilding. This may need to be reviewed if the 
industry context or specific end-users become favourable to more advanced methods. 
Another possible limitation may be on the applicability of the tool to smaller firms. 
Though the overall process of the tool is generalisable, the data provided should be 
interpreted within the specific decision context. 
10.8 Recommendations for Future Research 
It is important that research is continued into the use of offsite technologies in 
housebuilding so that further understanding can be gained and contributions be made to 
realising the industry aspirations for improving quality performance and addressing the 
Government's call for increasing housing supply. The study has led to the following 
recommendations for future research. 
There is a need for providing an integrated body of knowledge of the use of offsite 
of other industry stakeholders, e. g. large architects, large RSLs/locaI authorities, 
though they have been somewhat studied. The methodological framework used for 
the housebuilder survey could be used for studying such groups of stakeholders. 
9 More case studies of using offsite technologies of housebuilders could be carried out. 
These potential case studies should focus on the integration of the offsite approach 
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into the housebuilding business process. The results could be used to further verify 
the findings from the study. 
* The BSS tool could be used in a wider industry context, by more organisations 
and/or more housing projects. The results obtained could enrich the databases of 
build system selection and enable the refinement of the tool to suit user 
requirements in a wider domain. This would improve the generalisability of the tool 
as it was developed on a limited sample. The current version of the BSS tool could 
be developed into a user-friendly, IT-based software. The design of the software 
could be based on the logic provided by the process (see Figure 8.1). The data 
collected from the six large housebuilders (Appendix G, H& J) could be used as a 
starting point, in the format of de-fault data, for end-users to select appropriate build 
systems. Also, the soft checklists/guidance provided in the thesis (Appendix D and 
see 8.4-8.11) could be integrated into the software as help texts to back up decision- 
making. All these, together, would ease the utilisation of the tool and improve the 
organisational learning in relation to the use of offshe technologies. 
* Future research could investigate the performance measurement of utilising offsite 
in housebuilding. Performance measurement and decision-making are key to 
successful project delivery. Decision-making for the use of offsite normally occurs 
in the pre-site stage whilst performance measurement takes place in the site or post- 
site stage. Decision criteria and KIPIs should be aligned with each other. They 
should be integrated to enable continuous improvements to be made. The future 
research in this regard could contribute to increasing understanding of the value of 
using offsite which is currently not measured properly in the industry overall. 
9 The research outcomes of this study could also be used for appropriate education 
and training purposes. The decision criteria for BSS and the decision support 
methods and techniques used in the study could be integrated into the high 
education programmes of construction management-related disciplines. This would 
improve students' understanding of housebuilding and the selection of build 
systems, but also help create a case of learning from decision theories and 
operational management sciences. The checklist of decision criteria and build 
system selection data from the housebuilders studied could be integrated into 
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industry training programmes. This would make a contribution to improving the 
decision-making in construction management, and thus help increase the uptake of 
offsite technologies. 
How applicable are the findings and the BSS tool in the international context is 
unclear as the study was based on the UK situation. Parallel studies within the 
international context would interest both academics and the industry given the 
increasing globalisation of economy and supply chains. These future studies could 
contribute knowledge to understanding and optimising the use of offsite in a global 
envirom-nent, but also provide valuable data from which practices could benefit. 
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AppendUA 
Initial letter for the housebuilder survey (Chapter 6) 
[Lefterhead) 
[Name] 
[Position] 
[Company name] 
[Postal address] 
Direct Une: 0 1509 222891 
Fax 0 1509 223945 
E-mail: W. Pan@fboro. ac. uk 
(Date] 
Dear Ms/Mr [Last name] 
Loughborough University Research Into Off-site Production In Housing 
As part of our on-going research into off-site production (OSP) (see enclosed leaflets) 
we are carrying on a survey on the leading housebuilding organisations in the UK. We 
would like to interview (either face to face or by phone) one of your technical staff to 
establish the nature and extent of OSP in your current housebuilding programme. 
Please contact me with details as below to discuss the details of this survey. 
Your interest and cooperation will be highly appreciated. 
Yours sincerely 
Wei Pan 
Offsite Research Group 
Civil and Building Engineering Department 
Loughborough University 
Loughborough, Leicestershire 
LE11 3TU 
Encl. Leaflets on OSP 
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Follow-up letter for the housebuilder survey (Chapter 6) 
[Lefterhead] 
(Name] 
[Position] 
[Company name] 
(Postal address] 
Direct Une: 01509 222891 
Fax 01509 223945 
E-mail: W. Pan@lboro. ac. uk 
[Date] 
Dear Ms/Mr [Last name] 
Survey on Offslte-Modern Methods of Construction in House building 
I wrote to you on [Date] regarding our research into modern methods of construction in 
house building, but have not as yet received a reply. As one of the UK's leading house 
building firms, we would very much like [Company name] to take part in this important 
research project by completing the survey enclosed. It aims to establish the nature and 
extent of the current Offsite-Modern Methods of Construction (Offsite-MMC) 
applications in the UK housebuilding industry, to explore the drivers for and barriers to 
the use of Offsite-MMC, and to identify appropriate strategies for the take-up of 
Offsite-MMC technologies. 
The survey should not take long to complete and all of the information provided will be 
treated in strict confidence. We would happy to furnish you with a copy of the findings 
of the work if you are interested in them. 
I would appreciate it if you could please return this questionnaire either by post (a self- 
addressed f reepost envelope is enclosed) or fax (01509 223945) by [Date]. 
Your support for our research is greatly appreciated, 
Yours sincerely 
Wei Pan 
Offsite Research Group 
Civil and Building Engineering Department 
Loughborough University 
Loughborough, Leicestershire 
LE11 3TU 
Encl: Survey Form 
Self-addressed Freepost Envelope 
345 
Questionnaire Survey Form Loughborough 
Offsite-Modern Methods of Construction 
UP 
University 
Applications in the UK Leading Housebuilders 
AIM OF THE QUESTIONNIARE SURVEY 
As part of our on-going research into off-site production we are carrying on this survey on the leading housebuilding organisations in 
the UK. This questionnaire survey aims to establish the nature and extent of the current Offsite-Modern Methods of Construction 
(Offsite-MMC) applications in the UK housebuilding industry, to explore the drivers for and barriers to the use of Offsite-MMC, and to 
identify the appropriate strategies for the take-up of Offsite-MMC techniques. 
Please pass this questionnaire onto someone else if you think that they are more suitable to complete it. 
HOW TO COMPLETE THE QUESTIONNIARE 
This questionnaire is designed to be completed in about 15 minutes. If you feel difficult or unsuitable to answer a particular question, 
just leave it and please complete the remaining. 
RETURNING THE QUESTIONNIARE 
Please return your completed questionnaire to myself 
at the address below. I would appreciate it if you could 
please return this questionnaire, by post, fax or email 
by Friday the 29th October. 
Wei Pan 
Offsite Research Group 
Civil and Building Engineering Department 
Loughborough University 
Loughborough, Leics 
LE1 1 3TU 
Tel: 01509222891 Fax: 01509223945 
Email: W. Pan@lboro. ac. uk 
YOUR CONTACT DETAILS 
Should you wish to receive feedback from this survey or you 
would like to share your opinions please complete your contact 
details below. Any replies will be treated in strict confidence and 
anonymity. 
Name 
Position 
Organisation 
Telephone 
E-mail 
Postal Address 
Section A- Nature and Extent of Offsite-MMC Applications in UK Housebuilding 
1) To what extent is your company satisfied with the Offsite-MMC applications in your current housebuilding 
projects? 
Extremely Unsatisfied Neutral Extremely Satisfied 
345 2 
if unsatisfied, please give your main reasons: 
2) How would you appraise the use of current Offsite-MMC applications in the UK housebuilding industry? 
Very unsuccessful Not Good Neutral Good Excellent 
12345 
3) What is the split in house types of your projects over the last 2-3 years? 
House Types 
Percentage of the total unit completions (%) 
Flats / apartments 
[code] 346 
Louýhýorough 
Unmrsity 
4) Has your company used these off-site produced elements listed in the following table? Please tick 
your answers accordingly. 
i Has your company used these ofi-site produced elements? 
Individual houses (Incl. detached, semi- 
U) Flats / apartments =3 House elements which could be detached, terraced) 0 produced off-site 
to Some- Rarely 
I 
Never---; ome- 
M: 
Always Mostly A ways Mostly 
IS 
Rarely Never times 
I 
tirnes 
I 
Precast piles 
Foundation Precast pads 
Other Offsite-MMC 
..... ..... ... ......... . ................. . Sub- Precast wall 
structure Basement Precast floor 
Offsite M&E plant 
Pre-assembled drainage & 
under-ground services 
Structural steel 
Precast concrete LReinforced 
frame 
F 
concrete F 
Timber frame 
co 
Frame 
ff f( 
concrete Pre-assembled 
ormwork if in situ 
Timber frame 
Internal skin panels 
External Wall panels Complete wall 
walls panels (both skins) 
Pre-assembled balcony/ parapet 
Block work 
Internal Dry-lining 
walls Panels 
Others 
Ground Floor 
... .... . ........... ....... Concrete 
"holocore" 
. ... . .... ..... 
Floors Concrete beam anc 
Upper floors block 
Timber cassettes 
Other Offsjte-MMC 
Pre-assembled roof 
Offsite distribution network 
Services 
Offste plant room 
Bathroom & Pods 
Toilet Flat pack 
Facilities 
Kitchen 
Pods 
Flat pack 
Stairs / lift 
Complete modular building 
*Notes: 'Complete modular building' means pre-assembled volumetric units which also form the actual structure and fabric oi the building. 
5) Does your company plan to increase the use of Offsite-MMC in your housebuilding projects in the next 3 
years? 
Increase El By ...... % Maintain ED Decrease By ...... % 
6) Which elements of a house do you think offer the greatest potential for Offsite-MMC applications in the 
future? 
347 
1 Loughb rough ; 
Universioty 
Section B- Drivers for & Barriers to Offsite-MMC Applications 
7) What are the drivers for using Offsjte-MMC in your housebuildinq projects? Please circle the related figure to indicate their importance. 
Not Somewhat Neutral Important Very Drivers for using Offsite-MMC in your housebuilding important important important 
12345- 
a) Ensuring cost certainty 1 2 3 4 5 
b) Ensuring time certainty 1 2 3 4 5 
C) Minimising on-site duration 2 3 4 5 
d) Achieving high quality 2 3 4 5 
e) Reducing health and safety risks 2 3 4 5 
f) Reducing environmental impact during construction 1 2 3 4 5 
g) Maximising environmental performance for the lifecycle 1 2 3 4 5 
h) Restricted site specifics 1 2 3 4 5 
i) Addressing skills shortages 
.... .. 
1 
.... 
2 3 4 5 J 
Government promotion 
.... 
1 
........... 
2 3 4 5 
k) Revisions to the Building Regulations 11 2 3 4 5 
1) As part of company strategy 1 2 3 4 5 
m Clients' influences 1 2 3 4 5 
Any others (Please specify) 1 2 3 4 5 
1 2 3 4 5 
8) If taking the housebuilding industry as a whole, which three drivers do you think are the most important 
for using Offsite-MMC? 
9) What are the barriers to the use of Offsite-MMC in vour housebuildinq pro*ects? Please circle the 
related figure to indicate their significance. 
use of Offsite-MMC in 
I 
S 
a) Complex interfacing between systems 1 2 3 4 5 
b) Unable to freeze the design early on 1 2 3 4 5 
C) Site specifics and constraints and transportation 1 2 3 4 5 
d) Higher capital cost 2 3 4 5 
e) Difficult to achieve economies of scale 1 2 3 4 5 
f) Risk averse culture 2 3 4 5 
g) ....... . .... Client scepticism 2 3 4 5 
h) Attitudinal barriers due to historic failures 
... ....... . .... 
1 2 3 4 5 
i) Reluctance to innovation 1 2 3 4 5 
j) Skills shortages 1 2 3 4 5 
k) Fragmented industry structure 1 2 3 4 5 
1) Lack of long-term cooperation between project team 1 2 3 4 5 
m) Nature of the UK planning system 2 3 4 5 
n) Manufacturing capacity 1 2 3 4 5 
0) Organisational mechanism unfavourable with OSP 1 2 3 4 5 
P) Lack of previous experience with using OSP 11 2 3 4 5 
q) Dominant importance of land acquisition in 1 2 3 4 5 housebuilding business 
r) Legal issues 2 3 4 5 
Any others (Please specify) 1 2 3 4 5 
1 2 3 4 5 
10) If taking the housebuilding industrV as a whole, which three barriers do you think are the most sign if icant 
to the use of Offsite-MMC? 
348 
I. OU8hh rough 
Universioty 
Section C- Appropriate Strategies for the Take-up of Offsite-MMC Techniques 
1) Does your company consider Offsite-MMC differently for individual houses and flats/apartments? If so, 
how? 
Individual houses 
Differing considerations for 
using Offsite-MMC 
12) What strategies has your company developed in order to remove the main barriers in your 
housebuilding projects identified in Question No. 9? 
No, Strategies to remove barriers to Offsite-MMC in your housebuilding projects 
2; 
3 
4 
13) Which is your preferred method for procuring? Please tick (ý) your answers accordingly. 
Methods for procuring 
Items of procuring FP/ LS D&B PP SPA In-house Others (please specify) 
Design 
Offsite elements _T_ _7 General materials 
_[ ---------- Labour 
Management 
Keys: FP/ LS: Fixed price/ Lump sum D&B: Design & Build PP: Project Partnering SPA: Strategic Partnering Alliance 
14) At which stage is Offsite-MMC taken into consideration during your housebuilding projects? 
Basic house type Outline planning Detailed planning Pre-construction 
design application application 
0 1: 1 Fý 0 
15) If taking the housebuilding industry as a whole, do you think if we need to increase the take-up of Offsite- 
MMC applications? 
Yes D No F-] Not sure 
If yes, what strategies would you recommend? 
In accord a nce with the Data Protection Act ( 1998) any persona I information wil I not be disclosed to third 
parties in any form, If you do not wish to disclose persona I detai Is you are not required to do so. 
Thank you very much for your time 
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Follow-up survey instrument (Chapter 6) 
[Lefterhead] 
[Name] 
[Position] 
[Companyname] 
[Postal address] 
[Date] 
Dear Ms/Mr [Last name] 
Direct Line: 01509 222891 
Fax: 01509 223945 
E-mail: W. Pan@lboro. ac. uk 
Survey on OffsIte-Modern Methods of Construction In House building 
I would like to thank you very much for participating in our recent survey of the use of offsIte-Modern Methods 
of Construction in house building. We wish very much to provide the industry with feedback regarding the use 
of MMC. However, before we make the survey results and our analysis widely published, we would like to 
verify the part of house builders' satisfaction with the use of both traditional construction methods* and MMC. 
In this regard, you are kindly requested to contribute your views by completing the questions below. 
I would appreciate it if you could complete the form below and return it by post (a self-addressed pre-paid 
envelope is enclosed) or fax (01509 223945) by [Date], for attention We! Pan. 
Your continuous support for our research is greatly appreciated, 
Yours sincerely 
------------------ 
Wei Pan 
Offsite Research Group 
-- - --- ------------------ - --------------------------- - ---- X-- 
Lou 
U 
ghb, ugh 
PLEASE COMPLETE THE QUESTIONS BELOW AND RETURN IN THE ENVELOPE PROVIDED nivcrsi7 
Very Neutral Very 
unsatisfied satisfied 
How satisfied are you with the use of in the industry overall? 1 2 3 4 5 
traditional construction methods *- 
within your organisation? 1 2 3 4 5 
How satisfied are you with the current use in the Industry overall? 1 2 3 4 5 
of MMC - 
within your organisation? 1 2 3 4 5 
Please provide your comments, if any. 
* For example, brick/block walls, insItu concrete, trussed roofs, etc. 
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Appendix B Data analysis and results of the supplementary work 
This appendix presents the data analyses and results of the supplementary work to the 
main study. The supplementary work included the general industry and academic 
activities for the study and the survey of large insurers, lenders and warranty providers 
(for research design see 5.7). The data were qualitative in nature, and mainly came from 
a combination of the research diary, field notes and survey responses. 
General Industry & Academic Activities for the Study 
The industry and academic activities for the study are tabulated in Table B 1. The table 
describes what the activities are, when and where they occurred, and how they 
contributed to the thesis. The table is organised chronologically to provide the reader 
with a clear account of the work. 
Table B1 Overview of industry (I) and academic (A) activities for the study 
Time Venue Activity Code Issuerritle Contribution to thesis 
2003-11- Building Attended the seminar by 11 Where does innovation come CI, C3 
05 Centre, the Housing Forum from? 
London 
2004-06- Nottingham Attended the Housing 12 Learning from innovation. CI, C3 
24 Forum Midland Cluster Projects demonstration 
meeting (Modular building) by Places 
for People. 
2004-07- Building Attended the seminar by 13 The Prefabulous Home 6 Cl. C3 
05 Centre, The Housing Forum, 
London Design for Homes and The 
Building Centre Trust 
2004-09- Edinburgh Attended the ARCOM Al ARCOM Annual conference; C2. C4, C5 
01/03 conference; Offsite production in 
Presenting a paper housebuilding 
2004-09- Business Attended the 14 Housebuilding2004 - The C3, C6, C7, 
08 Design Centre, Housebuilding2004 industry under one roof C8 
London exhibition 
2004-09- Business Attended the conference 15 Procurement - Boosting C1, C3-C8 
08 Design Centre, efficiency through improved 
London supply chain management 
2004-09- Business Attended the conference 16 Technical & Design - Cl. C3-C8 
08 Design Centre, Balancing risk and reward 
London with modem methods of 
construction 
2004-09- Chesterfield Attended the HBF MMC 17 Barker Recommendation 33 - C1, C3-C7 
15 Hotel, London meeting Modem Methods of 
Construction, delivering a 
strategic view on the barriers 
and solutions to MMC 
2004-09- Digbeth Attended the EastfWest 18 Ideas Lab -a new way of C1, C3, C6, 
30 Centre, Cluster Meeting of thinking about Innovation, C7 
Birmingham Constructing Excellence Birmingham CCs drive for 
change 
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Time Venue Activity Code Issue/Title Contribution 
to thesis * 
2004-10- London Attended the conference 19 MMC - tomorrow's C1, C3-C8 07 and exhibition construction solutions today 
2004-10- Tsinghua Attended the CIB Student A2 Appropriate use of offsite C2, C4, C5 
30/31 Univ., Beijing, Chapter 2nd International production: designers' 
China Symposium; perspectives 
Presented a paper 
2004-11- Trafford Hall, Attended the Prefabulous 110 How design and technology C1. C3, C6. 
25 Chester Home seminar are rethinking housebuilding C7 
2005-02- Caledonian Interview with David III Views of C1. C3. C6, 
II Co. Turnbull, MD of manufacturer/contractor on C8 
Caledonian, and factory modular building 
visit 
2005-04- Warwick Attended the NAO MMC 112 Using MMC to build homes CI, C3. C6, 
08 house, London workshop session one more quickly and efficiently C7. C8 
2005-04- Loughborough Attended the workshop A3 Identifying value and social C2. C4 
14 University dimensions within sustainable 
construction 
2005-04- Warwick Attended the NAO MMC 113 Using MMC to build homes C1. C3. C6. 
20 house, London workshop session two more quickly and efficiently C7. C8 
2005-04- Warwick Attended the NAO MMC 114 Using MMC to build homes C1. C3, C6. 
26 house, London workshop session three more quickly and efficiently C7. C8 
2005-05- Loughborough Attended the guest lecture A4 Design for disassembly - C2. C4 
10 University towards green engineering in 
building design and 
construction 
2005-06- BRE, Watford Attended the offsite 2005 115 Offsite in building CI, C3, C6 
09 event and exhibition 
2005-06- Warwick Attended the NAO MMC 116 Using MMC to build homes C1. C3. C6. 
13 house, London workshop session four more quickly and efficiently C7, C8 
2005-06- RIBA, London Attended the seminar 117 Manufactured homes seminar - C1, C3, C4, 
27 organised by Corus Prefabricated & modular C6, C8 
Construction Centre construction for the residential 
sector 
2005-07- ABL London Attended the seminar 118 The Government's Housing C I, C3, C4, 
II organised by HBF, ABI Agenda - Is it a risky C6. C8 
and CML business? 
2005-09- Business Visited the exhibition 119 Housebuilding2005 - The C3, C6. C7, 
07 Design Centre, industry under one roof C8 
London 
2005-09- Business Attended the conference 120 Increasing the use of MMC Is C I, C3-C8 
07 Design Centre, it right for your business? 
London 
2006-01- DTI Attended the event 121 Buildoffsite MMC debate and C 1, C3, C4, 
26 Conference networking evening - meeting C6. C8 
Hall, London the clients 
2006-02- Belfry Hotel, Attended the ECI 122 Managing your Partnership C I, C3, C4, 
09 Handforth, Masterclass in conjunction Effectively C6 
Manchester with ECITB 
2006-02- Earls Court 2, Attended the Futurebuild 123 MMC C3, C6, C7, 
22 London conference and exhibitions C8 
2006-02- Earls Court 2, Reporting for the CIRIA 124 MMC cost and value C I. C3-C5 
22 London CPN measuring 
2006-04- Birmingham Attended the Interbuild 125 MMC/offsite construction C I, C3-C6, 
22 NEC 2006; presented at the C8 
Buildoffsite stall 
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The relevant documents collected from, and field notes made of, all of the activities 
have been archived, both electronically and in hard copy. This made the information 
retrieval and data analysis easy, from which the following themes were developed. 
These academic and industry activities, collectively, helped update the researcher's 
related knowledge, obtain comments on the study and interim outcomes, improve 
communication and maintain a rapport between the researcher and the industry, capture 
data, and exploit opportunities for further study (Table B2 and also see Section 5.7). 
The contributions to the thesis * are coded as follows (Table B2). 
Table B2 Key contributions of the general activities to the thesis 
Code Key co, tributions Theme 
C1 71e researcher was updated on the industry's understanding and 
perceptions of offsite & innovation. 
Updating knowledge 
C2 The researcher was updated on the academic research and 
understanding of offsite & innovation. 
Updating knowledge 
C3 The communication between the researcher and others was 
enhanced. 
Improving communication 
C4 The ideas and interim outcomes out of the study were shared 
between the researcher and others. 
Improving communication 
C5 Comments and criticism on the study were received. Obtaining comments 
C6 A good rapport with the industry was maintained. Maintaining a rapport for research 
C7 Opportunities for futurelfollow-up studies were exploited. Exploiting study opportunities 
C8 In-depth/supplementary data/information were captured from the 
respondents who were studied before. 
Capturing further data 
All of the resuI4 obtained from these activities suggest a number of arguments on the 
use of offsite which are presented under the headings emerged from the analysis: 
Peoples'perspectives on the use of offsite 
* There appears to be a lack of understanding in the industry of offsite and some 
related concepts including MMC and innovation. 
* Though there exists a general interest in improving performance through the use of 
offsite, the reluctance/hesitation to use offsite is significant. 
Though there have been considerable anecdotal evidences of using offsite 
technologies, the learning/good practices are very much confined to specific 
organisations, not yet disseminated to the wide industry domain. 
There appear to be increasing concerns over housing built by using offsite among 
the insurance and financial markets, which are concerning the housebuilding 
organisations in relation to the take-up of offsite. 
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Driversfor and barriers against the use of offsite 
Currently, the Government's promotion of offsite/MMC and the industry's concerns 
over improving quality performance are clearly encouraging the industry to consider 
using offsite. However, the impact is mainly confined to the social sector. The 
private sector is not really involved. 
In addition to the Government's promotion, manufacturers and suppliers play an 
important part in promoting the use of offsite. Considerable offlite solutions have 
been provided to the market, i. e. 'what to do', largely for selling purposes. However, 
little information is currently available on 'how to do'. 'Ibis lack of 'how' 
information hampers the decision-making of housebuilding organisations in 
selecting offsite technologies. 
Risk profile associated with using offsite is not yet understood by the industry. A 
lack of proper measures for the use of offsite appears to worsen this situation. 
A large number of systems/techniques are available in the market. This, coupled 
with the lack of information on 'how to do, somewhat confuses the housebuilding 
organisations. 
Strategies and recommendations 
e The strategy of learning is not unfamiliar to the industry, but it is often 
compromised with the cost-driven approach that predominates in the industry. 
9 The housebuilding business process appears to be less addressed in the solutions 
provided to date. 
*A considerable number of case studies are available, demonstrating the benefits 
from using offsite, but few supply 'attractive' information on addressing 'how'. 
Despite some practices of selecting offsite systems in some organisations, there is a 
lack of a set of systematic, rational criteria for decision-making in build system 
selection. 
4o Risk management is highlighted, but little known on practical strategies for 
implementing the recommendations provided. 
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Survey of Large Insurers, Lenders and Warranty Providers 
It seems to be problematic for the housebuilding industry to win confidcnce fron] 
insurers, lenders and warranty providers for the use of MMC. This has been claimed to 
be attributable to the current weaknesses in addressing concerns over the durability, 
repairability, adaptability, whole life costing and insurability of housing hililt by MMC. 
The objectives and methodology of the survey have been explained in Sect ion 5.7. This 
section presents the findings from the survey Linder the headings used in the survey 
instrument. 
Details of survey responses 
Ten senior managers from nine organisations participated in the survey. Their details Z71 
are provided in Table B3. From the initial questionnaire survey six responses were 
received, three from lenders, two from warranty providers and one from insurers. The 
survey also included inforinal discussions and document analysis. Thotioli the survey I" 
did not generate a non-nally recognised response rate for scientific analysis, it pi-mided 
valuable insights of the perspectives of the largest insurers, Icnders and warranty 
providers on the use of MMC. Therefore, the use of advanced scientific statistics was 
excluded, but qualitative data were presented. 
Table B3 Details of participant insurers (1), lenders (L) & warranty providers (W) 
SM, Managing Director iniormai cuscussion; OOCLIMCIlt analysis 
Zurich Buildin- %A' UN, Technical Manager Questionnailc inim-Inal discussiuný 
Guarantee cloctinwill almlysis 
NHBC 11w NS, Technical Manager Informal discussion; document analysis 'an A 
Zurich Insurance I PM, Technical, Horne Questionnaire 
Undermiting 
Halifax L MF Questionnaire 
Derbyshire L NB, Principal Valuer QLICStionnairc 
Building Society 
Bank of L SB, Chief Valuer Questionnaire 
Ireland/Bristol & 
West 
ABI I SC, Policy Adviser Informal di"cussion: docullwill 
Note: The names of the participants are abhreviated for anonymity purposes. 
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Current usage qfMMC in housebuilding - 
There was a current low usage of MMC in housebuilding from the large 
insurers/lenders/warranty providers' point of view. However, the low response rate and 
lack of statistics made it less meaningful to produce scientific analysis. 
Anitude to the use ofMMC in housing overall 
The large insurers/lenders/warranty providers (MJWs) regarded the current use of 
MMC in housebuilding as either 'not at all good' or 'not good' out of a five-point Likert 
scale from 'not at all good' to 'very good'. The main reasons for this unsatisfied attitude 
included that there is a lack of knowledge and experience of using MMC, that people 
are not willing to change; that there are too many 'untried' systems and techniques, that 
uncertainties exist over durability, repairability and saleability among people like 
builders and lenders, and that no adequate assessment method exists to cover 'whole as 
built property'. 
Attitude to different construction methods 
Insurers/lenders/warranty providers generally favoured construction methods such as 
traditional brick & blocký component & sub-assembly (e. g. door/window sets), non- 
volumetric pre-assembly (e. g. timber roof trusses, panellised systems) over methods 
such as volumetric pre-assembly (e. g. toilet and bathroom pods), hybrid (e. g. a 
combination of panellised systems and pods) and modular building (the whole building) 
by a considerable margin. The Chief Valuer of a lender was clearly concerned with the 
durability and repairability of panelised and volumetric systems, and claimed that the 
current lack of addressing these issues was discouraging them to lend. 
Factors encouraging insurersl7enderslwarranty providers to endorse MMC housing 
The factors that would encourage IdMs to insure/lend/provide warranty for housing 
built by MMC were centred on lifecycle costing, providing certification and technical 
assessment processes, addressing repairability and durability, getting involved early in 
the project, and being part of the design process. 
Factors stopping insurersl7endersAvarranty providers from endorsing MMC housing 
The factors that were stopping I/LfWs to insureAend/provide warranty for housing built 
by MMC were centred on: the lack of certification, design information and technical 
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assessment processes; poor performance of some MMC; high maintenance costs; and 
loose integration of insurance/lending to offsite inspections. It was also claimed that 
designers were not addressing enough the lifecycle performance and end-users' 
occupation of housing when specifying the use of offsite solutions. The potential affects 
of using offsite on the market, public confidence, and property value were also 
highlighted. It was warned that the current Government's pressure to lend without 
addressing the negative factors would not encourage the take-up of MMC. 
Insurersfienderslwarranty providers' strategies on dealing with MMC in housing 
The use of MMC had been clearly taken on board by the large FlJWs. However, it 
appears that they had not developed particular strategies for assessing MMC, but were 
still relying on their "common lending procedures". It was highlighted that the design of 
MMC developments had to address the concerns existing over the use of MMC. Though 
some respondents emphasised the importance of assessing each system on its own 
merits, they claimed that that would not be possible in the long run. This was because 
the primary advisers to lenders and insurers are 'property valuers, their expertise laying 
with valuation rather than technical assessments of offsite construction. Standardised 
accreditations such as LPS 2020 were recommended as a step forward. Most 
participants appeared to aspire to see "some form of landing on how MMC should be 
dealt with in the J54ture". Responses from warranty providers particularly suggest that 
the endorsement of MMC housing could be better managed by 0 improving in-house 
MMC processes and training, structuring rewriting procedures, conducting process 
review with regard to risk management strategy, and applying claims training review 
and feed back system. 
Insurersfienders1warranty providers' recommendations for other housing stakeholders, 
particularly housebuilders, in relation to the use of MMC 
Tle respondents' recommendations for other housing stakeholders with regard to the 
use of MMC reveal the following aspects: 
* It was encouraged to have early involvement of all stakeholders into the first design 
meeting. The dialogue between the project team and VUWs would help. 
It was suggested that manufacturers and suppliers should provide better promotion 
for and explanation of MMC systems and products. To gain market/industry 
acceptance of the systems and products was emphasised. 
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*A standard of using MMC systems and products should be available and acceptable 
to insurers and lenders. 
9A 'whole house' certification process was recommended for assessing MMC. 
Decisions were normally made on a case-by-case basis and current 'certification' 
processes tended to deal with individual elements but not the housing as a whole. 
There existed a lack of expertise to assesý this of lenders and insurers. Ibis 'whole 
house' process must address long-term durability from a home-owner's perspective 
as this impacts on saleability and, in turn, suitability for mortgage. Owners/buyers 
tend to want 'maintenance-free' properties. 
e The intentions and aspirations of home buyers, including the first buyer but also 
subsequent buyers, must be integrated into the assessment of MMC. Sophisticated 
life-cycle maintenance assessments may be suitable for Housing Associations, but 
are too complex for most buyers to understand. 
Most respondents claimed that the Government plays a significant role in increasing 
the take-up of MMC. Regard must be taken to the Government's Home Information 
Pack requirements. Common faults in critical parts of traditional construction are 
often identifiable at a relatively early stage. However, critical parts of MMC 
construction are usually hidden so that any defects are unlikely to be identified by 
Home Inspectors until well advanced. Correct design, construction and inspection 
certifications in the first instance are critical. 
To sum up, this survey supplemented the main study by providing the perspectives of 
the insurance industry and financial market on the use of offsite. The perspectives 
identified help explain the circumstances in which housebuilders perceive and practice 
on offsite. Also, the survey results widen the context within which the results from the 
housebuilder survey and the case study are interpreted and presented. 
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Appendix D 
CHECKLIST OF CRITERIA & WEIGHTING 
The default data are based on the study of Countryside Properties. They can be used as a starting point 
by other companiesfor identifying decision criteria and weighting the criteria in relation to using offshe 
technologies. For this process their organisational circurnstances should be taken into account. 
15% COST 
24% Build cost of the system 
This refers to the build system itself only, i. e. the build cost of the elements contained 
within the system. This does not include of additional elements required or treatments, 
which are covered by other criteria in the checklist. 
21% Cost certainty 
This refers to the possibility that any hidden cost occurs for the use of the system, i. e. 
whether the system requires additional elements or treatments which are not covered in 
the system specification or by contractual conditions. 
19% Impacts on the costs of interfacing systems 
17% Transy'er structure (e. g. to carpark) 
Is there any additional elements or treatments required for transfer structure if 
the build system is used? 
24% Interface with cladding 
Is there any additional elements or treatments required for cladding if the build 
system is used? 
20% Additionalflooring Istairs treatment? 
Is there any additional elements or treatments required for flooring / stairs if the 
build system is used? 
22% Additional wall treatment? 
Is there any additional elements or treatments required for wall if the build 
system is used? 
17% Additional roof treatment? 
Is there any additional elements or treatments required for roof if the build 
system is used? 
19% Impacts on the costs of related items 
40% Lift equipment (TIC) & efficiency 
What arr. the cost impacts on lift equipment and efficiency for using the 
system? For instance, the method brick & block may require long-period use of 
light-duty lift equipment while precast concrete panel systems need short-time 
but better organised use of heavy-duty lift equipment. 
60% Scaffolding required? 
This means to what extent the use of the build system requires external 
scaffolding. This criterion applies to external scaffold only since the cost of 
internal scaffold should be covered by the system. 
17% Maintenance cost 
This refers to the cost of normal maintenance (if not maintenance free) required by the 
system. The system supplier should provide necessary information on this. 
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11 % TIME 
30 % Design cut-off 
How long is the design cut-off period for using the system? Design cut-off means the 
period from project conception to the start of design. 
25% Design lead-in 
How long is the design lead-in period for using the system? Design lead in means the 
period from the start of design to the start of site. Generally speaking, the more offsite 
production the system involves, the longer design cut-off and design lead-in period the 
system requires. However, both design cut-off and lead-in will be shorten substantially 
if the design is standardised and a long-term supply chain for using the system is 
established. 
15% Speed to construct 
How long will it take to complete the construction (structural work) if using the system? 
The speed to construct means the build time on site only. Generally speaking, the speed 
to construct by using offsite systems, e. g. timber frame, precast concrete panels and 
steel frame, is much quicker than that by using insitu brick & block and concrete. 
30% Time certainty 
This refers to the extent to which the system guarantees the completion of the structural 
work. Time certainty is crucial to housebuilding business. 
For private developments, a good match between the speed to construct and the rate of 
sales should be maintained. Pure fast construction on site may not be always necessary. 
For social housing schemes, spbed to construct becomes more important than for private 
developments due to their different financial structures. Nevertheless, for apartment 
block construction, speed to construct is critical because no potential customers can be 
let in for view until the whole block is completed. 
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14 % QUALITY 
28% ComPliance with Building Regulations 
How good does the system perform against Building Regulations? Building Regulations 
are compulsory and they have to be complied with no matter what type of systems are 
used. The assessment here refers to the extent to which the performance of the system 
exceeds the threshold requirements by Building Regulations. Better performance of 
build systems against Building Regulations can be used as a selling point of housing. 
22% Structural Part A 
Does the system comply with the regulation? How good is the performance? 
24% FiresqfietyPartB 
Does the system comply with the regulation? How good is the performance? 
22% AcousticPartE 
Does the system comply with the regulation? How good is the performance? 
18% Thennal Part L 
Does the system comply with the regulation? How good is the performance? 
14% Ventilation Part F 
Does the system comply with the regulation? How good is the performance? 
Some extra treatments / elements might be required for the system to comply with the 
threshold requirements specified in the regulations. If this is the case, the extra cost 
caused should be considered in the cost criteria. 
25% Defects (at handover) 
How good is the quality of construction at the time of handover? Is there any defects 
snags? Are the defects/snags due to the use of the system? Will be there any extra costs 
for correcting the defects / snags? 
27% Customer acceptance and satisfaction 
How do customers feel about the system? Will be the use of the system affecting selling 
the housing? Customers may not be aware of how the housing is built and which build 
system is used. But recent research shows that customers do prefer traditionally built 
brick-faced housing. The stigma of poor quality and lack of choice against factory-built 
housing since the Second World War still exists in the market. 
20% Performance throughout the IifecycIe of housing 
How good is the lifecycle performance of housing built by using in the system? Though 
the responsibility of maintenance is transferred to insurers and warranty providers, any 
effects due to poor performance will come to the housebuilder in the end. 
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12% HEALTH & SAFETY 
How is health & safety of construction for using the system? What is the work force 
density for using the system? The housebuilder may need to check the record of 
reportable accidents in past projects in which the same system was used. 
11% SUSTAINABILITY 
Sustainability in this case refers to environmental sustainability only. The economic and 
social aspects of sustainability are covered by other criteria. 
26% Energy efficiency (conservation of fuel and power) 
How good is the system in terms of energy efficiency? 
18% Site waste management (during construction) 
How good is the system in terms of site waste management during construction? 
23% Use of materials 
Are the materials used in the system sustainable? 
18% Lifetime Homes (internal adaptability) 
Does the system offer good adaptability (internal) so that the housing can be adapted for 
use by different users, e. g. an elderly or disabled person. 
15% Daylighting 
Does the system help to achieve high daylighting standards which is beneficial to health 
and reduces the need for electric lighting? 
Arguably, sustainability is something for which the housebuilder have to 'pay' but do 
not get 'paid'. However, the housebuilder are challenged to pay more attention to 
sustainability by the new Code for Sustainable Homes and revised Building 
Regulations. Part of the vision of Countryside Properties is to deliver sustainable 
communities. The efforts on improving sustainability will pay back to the company in 
the ways of improving company image and gaining long-term profitability. 
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12% PROCESS 
23% Design standardisation & repeatability 
To what extent can the build system help achieve design standardisation and 
repeatability? The first use of any new system, e. g. the precast concrete panel system in 
Sportcity Phase 4, may require a learning curve. However, once the company get 
familiar with the system and the process, and establish the supply chain for using such 
systems, future projects will certainly benefit. This criterion is important given the 
current corporate context of standardising design process. 
25 % Logistics 
25% Transportationfiomfactory to site 
This is critical for large panels or modules. For projects in urban areas, there 
may be traffic constraints which may stop large panels or modules from getting 
into site. The housebuilder need to consider how far the factories of system 
suppliers are away from the site and who will be taking the responsibility for 
delivery. 
25% Transportation within the site 
There might be site constraints which make transportation within the site 
difficult. The housebuilder need to consider how much onsite transportation on 
site the system requires. Are the elements of the system easy-to-handle? How 
efficient it is to transport the elements on site? 
50% Site storage required 
There might be very limited site spaces. This allows the system little or no site 
storage. The delivery of the system might be expected on a JIT basis. 
20% Ease of site coordination (e. g. M&E) 
To what extent can the use of the system improve site coordination? Does the use of the 
system reduce the number of trades required on site? This criterion is critical for areas 
such as kitchen, bathroom and building services. There may be more than 20 trades 
working in the same area if building traditionally, which jeopardises achieving high 
quality and increasing health and safety risks. The productivity and interfaces between 
the system and other trades should be considered. 
15% Design flexibility (compatibility& adaptability) 
This refers to two issues. One is the flexibility of the whole design process and the other 
is the flexibility of completed housing by using the system. 
18% Previous experience of the company 
This refers to previous experiences of Countryside. Has the company built any housing 
before by using the system? The company considered to avoid becoming 'guinea pigs' 
of the use of any new systems. It is not to say not to use any new innovative systems but 
the housebuilder need to manage the risks associated with using the systems. 
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12% PROCUREMENT 
11% Suitability for in-house build 
In-house build, with proper management, could enhance organisational leaming and 
improve project control over cost, quality and time. The northern subsidiary has proved 
the effectiveness and efficiency of the precast concrete panel system for in-house build 
through the projects Sportcity and Didsbury. Substantial work is going on to 
disseminate the learning among the whole group. 
60% Historical methods adopted by Countryside 
Has the company used the system for any in-house build projects? 
40% Possibility of the method being managed by in-house build team 
Can the housebuilder manage the system by their in-house build team? Is it 
cost-effective to do so? At the moment, Countryside considered to use the 
procurement route in-house build for housing projects which are not more than 
nine storeys. 
16% Height limitations 
Is the system constrained by any height limitations? For instance, timber frame 
solutions, at the moment, are considered unsuitable for building apartment blocks more 
than six storeys due to issues associated with progressive collapse. 
15% Market availability of the system 
Is the system widely recognised in the market? Is it widely available in the market? 
13% Manufacturing capacity 
Can the manufacturer supply the system on time? Have they got enough manufacturing 
capacity in their factories? The housebuilder need to be careful that some suppliers may 
have made commitment to supply to many projects at the same time. 
16% Manufacturer/ supplier competency 
How competent is the system manufacturer / supplier? The housebuilder may need to 
check their past project performance. 
18% Contractual risks 
What will be the contractual risks for using the system? Does the use of the system 
introduce any hidden contractual risks to Countryside? 
11% Possibility for use in future projects 
How possible is it for Countryside to use the system for future projects? It is important 
for the company to maintain and pass on the learning to future projects. A continuous 
use of the same system within the company could reduce risks, speed up programme, 
standardise management, and, thus, improve business profitability. 
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14% REGULATORY& STATUTORY ACCEPTANCE 
22% How easy to obtain planning permission? 
Is there any planning restrictions on the use of the system? The housebuilder might be 
less worried about the use of build systems in this case. However, recent research shows 
that there is a general reluctance of planning authorities to the use of new, innovative 
techniques and systems. 
25% Financial market's acceptance 
Will be there any problems from the financial market with the use of the system? 
Normally, this is less relevant to the selection of build systems. But the use of 
innovative or less-tried systems may cause extra paperwork for the process. 
50% HBOS 
IEIBOS holds 50% of the shares of the company at the moment. 
ý0% Extemalpartners 
This particularly applies to social housing for which different financial structure 
applies. There is currently a 25% MMC target posed by the Housing 
Corporation (HC), i. e. the housing funded by HC should involve the use of 
NMC with a minimum degree of 25%. 
31% Insurance industry's acceptance 
25% Lenders'acceptance 
Will there be any problems for obtaining mortgage for housing built by using 
the system? 
25% Insurers' acceptance 
Will there be any problems for getting insurance for housing or elements of 
housing built by using the system? 
50% Warranty providers'acceptance 
Will there be any problems for getting warranty for housing or elements of 
housing built by using the system? 
22% Legal issues 
Will there be any problems regarding completing legal processes for housing built by 
using the system? 
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Analytical Hierarchy Process (AHP) Questionnaire 
For weighting decision criteria (at the objective level only) 
For each pair of criteria below, using the scale provided please indicate which of the two criteria is more 
important with respect to adding value. 
More More 
important Equal important 
Z, 
Criteria S? P Criteria 
98765432123456789 
coýt Time 
98765432123456789 
Cost Quality 
Cost 
98765432-1234567891 lealth & 
ý', afety 
98765432123456789 _Ljstainability Cost 
98765432123456789 
coý; t Process 
98765432123456789ý legulatory 
& 
Cost 'ýatutory Acceptance 
Time 
98765 Ouality 
Time 
98765432123456789 Health 
ý; afety 
9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 SLJGtain; 
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Analytical Hierarchy Process (AHP) Questionnaire 
For weighting decision criteria (at the objective ievel only) 
For each pair of criteria below, using the scale provided please indicate which of the two criteria is more 
important with respect to adding value. 
More More 
important Equal important 
2i, 
Criteria P Criteria M 
2 
> ý5- iý: eA 
98765432123456789 
Time Plocoss 
Time 
765321 
Procurement 
98765432123456789 
Regulatory & 
Time Satutory 
Acceptance 
Quality 
65123 Sustainability 
98765432123456789 
Quality Process 
98765432123456789 
Quality Procurement 
98765432123456789 
nogulatory & 
Quality Satutory Acceptance 
Health & Safety 
9876543 SILI!; IWnabiIity 
Health & Safety 
98765323456 Process 
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Analytical Hierarchy Process (AHP) Questionnaire 
For weighting decision criteria (at the objective level only) 
For each pair of criteria below, using the scale provided please indicate which of the two criteria is more 
important with respect to adding value. 
Criteria 
More 
important 
_a, 
75 
< 
2 
TO 
Equal 
Rb 
C: Q 
More 
important 
20, 
-Rý 
C., 
< 
Criteria 
Health & Safety 
98 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Priwiiiernwit 
Health & Safety 
98 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Regulatory & 11 -itutory 
Acceptance 
Sustainability 
98 7 6 5 4 3 2 1 2 3 Process 
Sustainability 
98 7 6 5 4 3 2 1 2 3 1'rocurement 
Sustainability 
98 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 
1 iegulatory & 
'ýatutory 
Acceptance 
Proceýýs 
98 7 6 5 4 3 2 1 f1rocurement 
Process 
98 7 6 5 4 3 2 2 3 4 5 6 7 8 9 Regulatory & 
-atutory 
Acceptance 
Procurement 
98 7 6 5 4 3 2 2 3 4 5 6 7 8 9 f legulatory & ýatutory 
Acceptance 
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Appendix G Weighted scoring matrix for apartments above 5 storeys (Case 3) 
InsItu RC 
RC flat with post- PCC cross wall 
Steel frame with 
Criteria Sub-criteria 
We ht tens 
CC floor 
ig Direct Rating 
-- 
Paired Compar Paired Compar Paired Compar 
Score T Score WxS Score WxS Score WxS 
Cost Build cost of the system 3.6% 
Cost certainty 3.2% 
Impacts on the costs of Transfer structure (e. g. to 
interfacing systems carpark) 
0.5% 
Interface with cladding 0.7% 
Additional flooring/ stairs 
treatment? 
0.6% 
Additional wall treatment? 0.60N, 
Additional roof treatment? 0.5*16 
Balcony ptions 
Impacts on the costs of related Lift equipment (T/C) & 
items efficiency 
1.2% 
Scaffolding (external) 
required? 
1.7% 
Maintenance costs 2.5% 
Time Design cut-off 
' - 
3.2% 0.83 0.027 0.33 0.01 1 0.67 0.021 0.50 0.016 
5 
esion lead in 2.7% 0.50 0.013 0.17 0.004 0.33 0.009 0.67 0ý018 
Speed to construct / floor cycle 1.6% 0.33 0.005 0.50 0.008 1.00 0.016 0.83 0.013 
Time certainty 3.2% 0.67 0,021 0.50 0.016 1.00 0.032 0.83 0.027 
Quality 
Compliance with Building Structural Part A 0.8% 1.00 0.008 0.83 0.007 0.50 0.004 0.67 0,006 
Requlations I 
Fire safety Part 6 0.9% 1.00 1 0.009 1.00 , 0.009 
0.83 0.008 0.33 0.003 
Acoustic Part E 0.8% 1.00 0.008 0.83 0.007 0.67 0.006 0.50 0004 
Ventilation Part F 0.7% 0.83 0.006 1.00 0.007 0.50 0.003 0.50 0.003 
Thermal Part L 0.6% 0.67 0.004 0.67 0.004 0.83 0.005 0.50 0,003 
Defects (at handover) 3.5% 0.67 0.023 0.50 0.017 1.00 0.035 0.50 0,017 
tomer acceptance and 3.6% 0.83 0.030 0.67 0.024 0.67 0.024 0.33 0,012 
satisfaction 
Performance throughout the 
2.7% 0.67 0.018 0.67 0.018 0.67 0.018 0.50 &013 
lifec cle of housinq 
Health 8, 
Health & Safety risks 12.1% 0.17 
1 
0.020 0.17 0.020 1.00 0.121 0.50 0061 
Safety 
Sustainabi Energy efficiency (conservation 2.7% 0.50 0.014 0.50 0.014 O. SO 0.014 1.00 0,027 
Irty of ftiel and power) 
Site waste management (during 1.9% 0.33 0.006 0.50 0.010 1.00 0.019 0,83 0.016 
construction) 
Use of materials 24% 0.50 0.012 0.50 
1 0,012 0.50 1 0.012 0 50 0012 
Lifetime Homes 1.9% 0.83 0.016 0.83 0.016 0.83 0.016 0,50 0.010 
Daylighting 1.6% 1.00 1 0.016 0.83 0.014 0.50 0,008 067 01)11 
Process 
Design standardisation & 2.7% 0.50 0,014 0.50 0.014 0.83 0.023 0.50 0.014 
repeartability 
Design flexibility 1.8% 0.83 0.015 0.67 0.012 0.50 0.0og 1.00 0,018 
Logistics 
Transportation from factory 
0.8% 0.17 0.001 0.33 0.003 1.00 0.008 O, B3 0,006 
to site 
Transportation within the site Oý8% 0.33 0,003 0.17 1 
0.001 1.00 0.008 0.83 0,006 
Site storage required 1.5% 0.33 0.005 
- 
0.17 
_t _0.003 
1.00 0.015 0.83 0.013 
Ease of site coordination (e. g. 24% 1.00 
I 
0.024 0.67 0.016 0.83 0.020 0,50 0.012 
M&E) 
Previous experience of the 2.1% 1.00 
I 
0.021 0.50 0.011 0.67 0.014 0.50 0.011 
housebuilder 
-_ - 
flocure m Suitability for in-house build 
Historical method adopted 0.8% 0.50 
1 
0.004 0.50 0.004 1.00 0.008 0.67 0005 
ant by Countrvside 
Possibility of the method 
being managed by in house 0.5% 0.50 0.003 0.50 0.003 1.00 0.005 0,67 
0004 
build team 
Height limitations 2.0% 1.00 0.020 1.00 0.020 1,00 0.020 1.00 0020 
Market availability of the system 1.8% 1.00 0.018 
0.83 0.015 0.67 0.012 0.50 0009 
Manufacturing capacity 1.5% 1.00 0.015 
0.83 0.013 0.67 0.010 0.50 0.008 
Manufacturer/ supplier 
_ 
2.0% 0.50 0.010 0.50 0.010 0.50 0.010 0.50 0.010 
competency 
Contractual risk 2.2% 0.33 0.007 
0.17 0,004 1.00 0.022 0.83 0018 
Possiblity, for use in future 1.3% 0.67 0.009 0.83 0.011 1.00 0.013 0.50 0.007 
projects 
, 
Regulator How easy to obtain planning 3.0% 0.50 0.015 0.50 0.015 0.50 0.01 5 0,50 0.015 
*& permission? 
Statutory 
Financial market's acceptance HBOS Accootanc 
1.7% 0.50 0.009 0.50 0.009 0.50 0.009 0,50 0,009 
External partners 1.7% 0.50 0.009 0.50 0.009 
0.50 0.009 050 0.009 
Insurance industry's Lenders' acceptance 
acceptance 
1.1% 0.67 0.007 0.50 0.005 0.33 0.004 0,67 Oý007 
Insurers' acceptance 1 1* 0.67 0.007 0.50 0.005 0.33 
0.004 (). 67 0,007 
Warranty providers' 0.67 0.014 0.50 0.011 0.33 0.007 0,014 
acceptance 
Le at issues 0.50 0.015 O. SO 0.015 0 so -2-0-1 -5 
061 0,020 
Overall weighted score 100% 0.502 0.423 0.628 
0.512 
Notes: The results are based on the data collected through the workshop with AS, SR and GE at Countryside on 31 Jan 2006 
In details, the 
weights are based on the answers provided by the Group Technical Manager and the scores are based on the group discussion. 
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For houses by Sovis 
Objectives Criteria Sub-criteria Weight 
Build cost 0.200 BuIld Cost Of the System 0.040 
Cost certainty 0.160 Cost certainty 0.032 
Design cost 0.160 Design cost 0.032 
Impacts on the costs of Interfacing 0.160 Transf or structure (e. g. to carpark) 0.20 
1 
0.006 
Additional flooring/ stairs treatment? 0.20 0.006 
Additional wall-treatmenl? 0.20 0.006 
Additional roof treatment? 0.20 0.006 
Impacts on the costs of related Items 0.160 Lift equipment (T/C) & eff iclency 0.50 0.016 
Scaffolding required? 0.50 0.016 
Maintenance costs 0.160 Maintenance costs 0.032 
0.20 Design cut off 0.200 Design cut off 0.040 
Design lead In 0.300 Design lead In 0.060 
Speed to construct (floor cycle) 0. Speed to construct (floor cycle) 0.060 
Time certainty 0.200 Time certainty 0.040 
0.15 l Compliance with Building Regulations Structural Part A 
Fire safetv Part B 
Thermal Part 
Ventilation Part F 
Defects (at handover) 0.250, Defects (at handover) 
Customer acceptance and satisfaction 0.250 Customer acceptance and satisfaction 
Design flexibility (compatibility & 
adaptability) 
0.250 
Design flexibility (compatibility & 
adaptability) 
Performance throughout the lifecycle of 
housing 
0.250 Performance throughout the lifecycle 
of housing 
Health & safety Health & Safety risks Health & Safety risks 
> Sustainability 0.15 
Energy efficiency (conservation of fuel 
and power 
0.200 
. 
Energy efficiency (conservation of fuel 
and power) 
Site waste management 9during 
construction) 
0.200 
Site waste management 9during 
construction) 
Use of materials 0.200 Use of materials 
I-Ifetime Homes (Internal adaptability) 0.200 I-Ifetime Homes (internal adaptability) 
T- 
Daylighting 0.200 
_ I 
Daylighting 
1 P=ess 1 0.15 1 Design standardlsation & repeadablllty 1 
Procurement 
statutory 
acceptance 
Ease of site coordination (e. g. M&E) 
Previous experience 
0.15 Suitability for In-house build 
Height limitations 
Market availability of the system 
Manufacturing capacity 
Manufacturer/ supplier competency 
Contractual risks 
Possiblity for use In future projects 
How easy to obtain planning 
permission? 
Financial market's acceptance 
Issues 
0.294 Design standardlsation & repeartabi 
0.235 Transportation from factory to site 
Transportation within the site 
Site storage required 
0.235 Ease of site coordination (e. g. M&E) 
0.235 jPrevious experience 
0.129 Suitability for In-house build 
0.097 Height limitations 
0.161 Market availability of the system 
0.161 Manufacturing capacity 
0.161 Manufacturer/ supplier competency 
0.161 Contractual risks 
0.129 Possibli for use in future projects 
How easy to obtain planning 
permission? 
Financial market's acceptance 
0.038 
0.038 
0.038 
0.030 
0.030 
0.030 
0.030 
0.030 
0.044 
0.38 0.01T 
0.011 
0.035 
0.035 
0.019 
0.015 
LOO 
22 
4 
.0 
O. oq 24 
. 024 
24 
I. Uu 0.000 J. VV I. UvU 
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For up to 5-storey apartment by Linden 
ObJectives Criteria Weight Sub-crlterla I Weight 
Cost 0.15 Build cost 0.19 0.03 Build cost of the system 0.0282 
Cost certainty 0.17 0.03 Cost certainty 0.0254 
Desl n cost 0.14 0.02 Design cost 0.0197 
Impacts on the costs of interfacing 
systems 
0.15 0.02 Transfer structure (e. g. to carpark) 0.20 0.0042 
Interface with cladding 0.20 1 0.0042 
Additional flooring/ stairs treatment? 0.20 0.0042 
Additional wall treatment? 0.20 0.0042 
Additional roof treatment? 0.20 0.0042 
Impacts on the costs of related Items 0.17 0.02 LIft equipment (T/C) & efficiency 0.50 0.0120 
Scaffolding required? 0.50 0.0120 
7 
Maintenance costs 0.18 0.03 Maintenance costs 0.0268 
717 -e 0.17 Design cut off 0.10 0.02 Design cut off 0.0171- 
Design lead In 0.10 0.02 Design lead In 0.0171 
Speed to construct (floor cycle) 0.30 0.05 Speed to construct (floor cycle) 0.0513 
Time certainty 0.50 0.09 Time certainty 0.0855 
Quality 
- 70 
1-5 Compliance with Building Regulations 0.15 0.02 Structural Part A 0.20 0.0045 
Fire safety Part B 0.20 0.0045 
Acoustic Part E 0.20 0.0045 
Thermal Part L 
- - 
0.20 0.0047' 
I V entilation Part F 0.20 0.0045 
Build control during const. 0.17 0.03 Build control during const. 0.0263 
Defects (at handover) 0.22 0.03 Defects (at handover) 0.0338 
Customer acceptance and satisfaction 0.24 0.04 Customer acceptance and satisfaction 0.0375 
Design flexibility (compatibility & 
adaptability) 
0.20 0.03 
Design flexibility (compatibility & 
adaptability) 
0.0300 
cc > Performance throughout the 
lifecycle of 
housing 0.02 
0.00 
Performance throughout the Iffecycle 
of housing 
0.0038 
Health&safety 0.15 Health & Safety risks 1.00 0.15 Health & Safety risks 0.1538 
Sustainability 0.12 
Energy efficiency (conservation of fuel 
and power) 
0.24 0.03 
1 Energy efficiency (conservation of fuel 
and power) 
0.0288 
Site waste management 9during 
construction) 
0.22 0.03 
I Site waste management Giduring 
construction) 0.0259 
Use of materials 0.14 0.02 Use of materials 0.0173 
Lifetime Homes (internal adaptability) 0.20 0.02 Lifetime Homes (internal adaptability) 0.0245 
Daylighting 0.19 0.02 j Daylighting 0.0231 
Process 0.09 Design standardisation & repeartability 0.25 0.02 Design standardisation & repeartability 0.0214 
1 1-ogistics 0.25 0.02 Transportation from factory to site 0.33 0.0071 
Transportation within the site 0.33 0.0071 
Site storage required 0.33 0.0071 
Ease of site coordination (e. g. M&E) 0.25 0.02 Ease of site coordination (e. g. M&E) 0.0214 
Previous experience 0.25 0.02 1 Previous experience 0.0214 
t 0-09 P 
Market availability of the system 0.29 0.03 Market availability of the system 0.0251 
rocuremen Manufacturing capacity 0.24 0.02 Manufacturing capacity 0.0201 
Manufacturer/ supplier competency 0.24 0.02 Manufacturer/ supplier competency 0.0201 
Poss! lity for use In future projects 0.24 0.02 Possiblity for use In future projects 0.0201 
Regulatory & 
statutory 
0.09 009 How easy to obtain planning 
permission? 
0.29 0.02 How easy to obtain planning 
permission? 
0.0248 
acceptance Financial market's acceptance 0.25 0.02 Financial market's acceptance 0.0211 
Insurance Industry's acceptance 0.25 0.02 Lenders' acceptance 0.33 0.0070 
Insurers' acceptanct 0.0070, 
--- 
Warranty providers' acceptance 0.33 0.00701 
I Legal issues TO. 22 0.02 1 Legal issues 0.01861 
I. UU 8.00 1.00 5.00 1.00 
Appendix H Weighting matrix for build system selection 
For houses by Bellway 
u0st 1 0.21 1 Build cost 0.36 Build cost of the system 1.00 0.0744 
Cost certainty Cost certainty 
Impacts on the costs of Interfacing 
systems 
I 
Transfer structure (e. g. to carpark) 
Interface with cladding 
Additional flooring/ stairs treatment? 
Additional wall treatment? 
Additional roof treatment? 
Impacts on the costs of related Items 0.32 I-Ift equipment (T/C) & efficiency 0.50 0.0335 
Scaffolding required? 0.50 0.0335 
- 
Maintenance costs 0.32 maintenance costs 1.00 0.067C 
Time T 0.18 Desiqncutoff Design cut off 
Design lead In 0.50 Design lead In 1.00 0.0885 
Speed to construct (floor cycle) 0.50 Speed to construct (floor cycle) 1.00 0.0885 
- 
Time certainty Time certainty 
, Quality 9) j'T F7 Compliance with Building Regulations 0.21 Structural Part A 0.20 0.0078 Fire safety Part B 0.20 0.0078 
Acoustic Part E 0.20 0.0078 
Thermal Part L 0.20 MOB 
Ventilation Part F 0.20 0.0078 
Defects (at handover) 0.21 Defects (at handover) 1-00 0.0391 
Customer acceptance and satisfaction 0.21 Customer acceptance and satisfaction 1.00 0.0391 
Design flexibility (compatibility & 
adaptability) 
0.17 
Design flexibility (compatibility & 
adaptability) 1.00 
0.0313 
Performance throughout the lifecycle of 
housing 0.21 
Performance throughout the lifecycle 
of housing 1.00 
0.0391 
Health & safe Health & Safety risks Health & Safety risks 
Sustainability 
Energy efficiency (conservation of fuel 
and power) 
0.25 
Energy efficiency (conservation of fuel 
and power) 1.00 0.0417 
Site waste management 9during 
construction) 
0.23 
Site waste management 9during 
construction) 1.00 
0.0376 
Use of materials 0.20 Use of materials 1.00 0.0333- 
I LIfetime Homes (internal adaptability) 
I 
LJfetime Homes (internal adaptability) 
10rientation of house 0.18 Orientation of house 1-00 0.0292 
Process 0.16 
1 
Design standardisation & repeartability 0.28 Design standardisation & repeartability 1.00 0.0440 
11-ogistics 0.25 Transportation from factory to site 0.33 0.0132 
Transportation within the site 0.33 0-0732- 
Site storage required 0.33 0.0132 
Ease of site coordination (e. g. M&E) 0.25 Ease of site coordination (e. g. M&E) 1.00 0.0396 
Previous experience 0.21 Previous experience 1.00 .0 
Procurement 0.10 Market availability of the system 0.24 Market availability of the system 
1-00 0.0253 
Manufacturing capacity 0.27 Manufacturing capacity 1.00 0.0282 
Manufacturer/ supplier competency 0.27 
Manufacturer/ supplier competency 1.00 0.0282 
Possiblity for use In future projects 0.22 Possiblity for use In future projects 1.00 0.0225 
Regulatory & 
satutory 
How easy to obtain planning 
permission? 
How easy to obtain planning 
permission? 
acceptance Financial market's acceptance Financial market's acceptance 
insurance Industry's acceptance Lenders' acceptance 
Insurers' acceptance L 
W_ arranty providers' acceptance 
Legal issues Legal Issues 
1.00 6.00 1.0000 
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Appendix H Weighting matrix for build system selection 
For houses by Kier Residential 
Objectives Criteria Sub-criteria Weight 
Cost 0.500 Build cost 0.294 Build cost of the system 0.147 
Cost certainty 0.118 Cost certainty 0.059 
Impacts on the costs of interfacing 
systems 
0.221 Transfer structure (e. g. to carpark) 0.200 0.022 
Interface with cladding 0.200 0.022 
Additional flooring/ stairs treatment? 0.200 0.022 
Additional wall treatment? 0.200 0.022 
Additional roof treatment? 0.200 0.022 
impacts on the costs of related Items 0.221 Lift equipment (T/C) & efficiency 0.3331 0.037 
Scaffoldina required? 0.333 0.037 
Changes required for site work 0.333 0.037 
ýaintenance costs 0.147 Maintenance costs 0.074 
Time . 150 1 Design cut off 0.250 Design cut off 0.038 
Design lead in 0.250. Design lead in 
Speed to construct (floor cycle) 0.250 Speed to construct (floor cycle) 
Time certainty 0.250 Time certainty 
Quality 0.090 Compliance with Building Regulations 0.190 Structural Part A 
Fire safety Part B 
Acoustic Part E 
Thermal Part L 
Ventilation Part F 
Eco-Homes 
Defects (at handover) 0.190 Defects (at handover) 
Customer acceptance and satisfaction 0.238 Customer acceptance and satisfaction 
Design flexibility (compatibility & 
adaptability) 
0.190 
Design flexibility (compatibility & 
adaptability) 
Performance throughout the [if ecycle of 
housing 0.190 
Performance throughout the lifecycle 
of housing 
> Health & safety 0.060 Health & Safety risks 1.000 Health & Safety risks 
Sustainability 0.080 
Energy efficiency (conservation of fuel 
and power) 
0.227 
Energy efficiency (conservation of fuel 
and power) 
Site waste management 9during 
construction) 
0.182 Site waste management 9during 
construction) 
Use of materials 0.182 Use of materials 
Lif etime Homes (internal adaptability) 
_ 
0.182 
_ 
Lifetime Homes (internal adaptability) 
0.060 Design standardisation & repeartability 0.238 Design standardisation & repeartab[14 
Logistics 0.190 Transportation from factory to site 
Transportation Ithin the site 
Site storage required 
Storage requir d In factory 
Ease of site coordination (e. g. M&E) 0.190 Ease of site coordination (e. g. M&E) 
Site acess and planning 0.190 Site acess and planning 
Previous experience 0.190 Previous experience 
Procurement 
LL060 Market availability of the system 0.235 Market availability of the system 
Manufacturing capacity 0.235 Manufacturing capacity 
Manufacturer/ supplier competency 0.235 Manufacturer/ supplier competency 
Possiblity for use in future projects 0.294_ Possiblity for se In future projects 
Regulatory & 
statutory 
How easy to obtain planning 
permission? 
How easy to obtain planning 
permission? 
acceptance Financial market's acceptance Financial market's acceptance 
Insurance industrv's acceptance I Lenders' acceptance 
0.038 
0.167 0.003 
0.167 0.003 
0.167 0.003 
0.167 0.003 
0.003 
0.017 
0.021 
0.017 
0.017 
0.060 
0.018 
0.015 
0.015 
0.018 
0.014 
0.250 0.003 
0.250 0.003 
0.250 0.003 
0.250 0.003 
0.011 
0.011 
0.011 
14 
1 
4.000 1.000 
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Appendix H Weighting matrix for build system selection 
For apartments by Kier Residential 
Objectives Criteria Sub-crIterla Weight 
Cost 0.600 Build cc 0.294 Build cost of the system 0.176 
Cost certainty 0.118 Cost certainty 0.071 
Impacts on the costs of Interfacing 
systems 
0.221 Transfer structure (e. g. to carpark) 0.200 0.026 
I 
Interface with cladding 0.200 0.026 
Additional flooring/ stairs treatment? 0.200 0.026 
Additional wall treatment? 0.200 0.026 
Additional root treatment? 0.200 0.026 
Impacts on the costs of related Items 0.221 Uft equipment (T/C) & efficiency 0.333 0.044 
Scaffolding required? 0.333 0.044 
Changes required for site work 0.333 0.044 
Maintenance costs 0.147 Maintenance costs 0.088 
Time 0.040 Design cut off 0.250 Design cut off 0.010 
Design lead in 0.250 es gn ead in 0.010 
Speed to construct (floor cycle) 0.250 Speed to construct (floor cycle) 0.010 
Time certainty 0.250 Time certainty 0.010 
Quality 0 150 Compliance with Building Regulations 0.190 Structural Part A 0.167 0.005 
Fire safety Part B 0.167 0.005 
Acoustic Part E 0.167 0.005 
Thermal Part L 0.167 0.005 
- Ventilation Part F 0.167 0.05 
Eco-Homes 0.167 0.005 
Defects (at handover) 0.190 Defects (at handover) 0.029 
Customer acceptance and satisfaction 0.238 Customer acceptance and satisfaction 0.036 
Design flexibility (compatibility & 
adaptability) 
0.190 Design 
flexibility (compatibility & 
adaptability) 
0.029 
Performance throughout the Iffecycle of 
housing 
0.190 Performance throughout the 
lifecycle 
of housing 
0.029 
> Health & safety 0.010 Health & Safety risks 1.000 Health & Safety risks 0.010 
Sustainability 0.090 
Energy efficiency (conservation of fuel 
and power) 
0.227 
Energy, efficiency (conservation of fuel 
and power) 
0.020 
Site waste management 9during 
construction) 
0.182 Site waste management 9during 
construction) 
0.016 
Use of materials 0.182 Use of materials 0.016 
I-Ifetime Homes (internal adaptability) 0.182 I-Ifetime Homes (internal adaptability) 0.016 
Daylighting 0.227 Daylighting 0.020 
Process 0.060 Design standardisation & repeartability 0.238 Design standardisation & repeartability 0.014 
! Logistics 0.190 Transportation from factory to site 0.250 0.003 
Transportation within the site 0.250 0.003 
Site storage required 0.250 . 
0.003 
Storage requiredin factory 0.250 0.003 
Ease of site coordination (e. g. M&E) 0.190 Ease of site coordination (e. g. M&E) 0.011 
Site acess and planning 0.190 Site acess and planning 0.011 
Previous experience 0.190 Previous experience 0.011 
Procurement 
L 1.050 Market availability of the system 0.235 Market availability of the system 0.012 
. Manufacturing capacity 0.235 Manufacturing capacity 0.012 
Manufacturer/ supplier competency 0.235 Manufacturer/ supplier competency 0.012 
Possiblity for use In future projects 0.294 Possiblity for use In future projects 0.015 
Regulatory & 
satutory 
How easy to obtain planning 
permission? 
How easy to obtain planning 
permission? 
acceptance Financial market's acceptance Financial market's acceptance 
Insurance industry's acceptance Lenders' acceptance 
Insurers' acceptance 
Warranty providers' acceptance 
Legal issues Legal issues 
1 1.000 7.000 4.000 1.000 
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Appendix H Weighting matrix for build system selection 
For terraced houses by Taylor Woodrow 
Objectives Criteria Sub-criteria Weight 
Cost 0.60 BuIldcost 0.167 Build cost of the System 0.1000 
Cost certainty 0.167 Cost certainty 0.1000 
Design cost 0.167 Design cost 0.105-0 
Impacts on the costs of interfacing 
systems 
0.167 Transfer structure (e. g. to carpark) 0.200 0.0200 
Interface with cladding 0.200 0.0200 
Additional flooring/ stairs treatment? 0.200 0.0200 
1 
Additional wall treatment? 0.200 0.0200 lAdditional 
roof treatment? 0.200 0.0200 
impacts on the costs of related Items 0.167 Lift equipment (T/C) & efficiency 0.500 0.05'00 
Scaffolding required? 0.500 0.0500 
- 
'Maintenance costs 0.167 Maintenance costs 0.1000 
Time 0 10 Design cut off 0.200 Design cut off 0.0200 
Design lead In 0.200 Design lead in 0.0200- 
Speed to construct (floor cycle) 0.200 Speed to construct (floor cycle) 0.0200 
Impact on the following trades 0.200 Impact on the following trades 0.0200 
- 
Time certainty 0.200 Time certainty 0.0200 
Quality 0 20 Compliance with Building Regulations 0.200 Structural Part A 0.200 0.0080 
Fire safety Part B 0.200 0.0080 
Acoustic Part E 0.200 0.0080 
hermal Part L 0.200 0.0080 
lVentilation Part IF 0.200 1 0.0080 
Defects (at handover) 0.200 Defects (at hanclover) 0.0400 
Customer acceptance and satisfaction 0.200 Customer acceptance and satisfaction 0.0400 
Design flexibility (compatibility & 
adaptability) 
0.200 
Design flexibility (compatibility & 
adaptability) 
0.0400 
Performance throughout the lifecycle of 
housing 
0.200 Performance throughout the 
lifecycle 
of housing 
0.0400 
Health & Safety Health & Safety risks Health & Safety risks 
Sustainability 
Energy efficiency (conservation of fuel 
and power) 
Energy efficiency (conservation of fuel 
and power) 
Site waste management 9during 
construction) 
I Site waste management 9during 
construction) 
Use of materials Use of materials 
Lifetime Homes (internal adaptability) Lifetime Homes (internal adaptability) 
Daylighting Daylighting 
Process 0.05 Design standardisation & repeartability 0.250 Design standardisation & repeartability 0.0126 
Logistics 0.250 Transportation from factory to site 0.333 0.0042 
Transportation within the site 0.333 0.0042 
Site storage required 0.333 0.0042 
Ease of site coordination (e. g. M&E) 0.250 Ease of site coordination (e. g. M&E) 0.0125 
Previous experience 0.250 Previous experience 0.0125 
r 0-05 Suitability for In-house build 0.143 Suitability for In-house build 0.0071 
Procurement Height limitations 0.143 Height limitations 0.0071 
Market availability of the system 0.143 Market availability of the system 0.0071 
Manufacturing capacity 0.143 Manufacturing capacity 0.0071 
Manufacturer/ supplier competency 0.143 Manufacturer/ supplier competency 0.0071 
Contractual risks 0.143 Contractual risks 0.0071- 
Possiblity for use In future projects 0.143 Possiblity for use In future projects 0.00 
Regulatory & 
statutory 
How easy to obtain planning 
permission? 
How easy to obtain planning 
permission? 
acceptance Financial market's acceptance Financial market's acceptance 
I nsurance Industry's acceptance Lenders' acceptance 
I nsurers' acceptance 
Warranty providers' acceptance 
Legal issues Legal Issues 
I l. uv O. UUV 4.000 1.0000 
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Appendix H Database of decision criteria weights for build system selection C, 
Kier Kier Beltway Linden Bevis Taylor V 
Objectives Criteria Sub-criteria Hous Houses Flats Houses Houses 
Cost Build cost of the system 0.176 0.147 0.074 0.028 0.040 0.100 
Cost certainty 0.071 0,059 0.025 0,032 0 100 
Design cost 0.020 0.032 0 100 
Impacts on the costs of interlacing Transfer structure (e. g. to carpark) 0.026 0.022 0.004 0.006 0020 
systems I 
Interface with cladding 0.026 0.022 0.004 0,006 0020 
Additional flooring/ stairs 0.026 0.022 0.004 0.006 0,020 
treatment? 
Additional wall treatment? 0.026 0.022 0.004 0.006 0.020 
Additional root treatment? 0.026 0,022 0.004 0.006 0,020 
Balcony options 
Impacts on the costs of related Lift equipment (T/C) & efficiency 0.044 0.037 0.0-34 0.012 0.016 0.050 items 
Scaffolding (external) required? 0.044 0.037 0.034 0.012 0,016 0.050 
Changes required for site work 0,044 0.037 
Maintenance costs 0.088 0,074 0.067 0.027 0.032 0 100 
Time Desiqn cut-olif 0.010 0.038 0.017 0.040 0.020 
Design lead in 0.010 0.038 0 089 0.017 0.060 0020 
Speed to construct / floor cycle 0.010 0.038 0.089 0.051 0.01510 0,020 
Time certainty 0.010 0,038 0.086 0040 0020 
Impact on the following trades 0 020 
Quality 
Compliance with Building Structural Part A 0.005 0.003 0.008 0.005 0,008 
Regulations 
Fire safety Part 6 0,005 &003 0.008 0.005 O. OOH 
Acoustic Part E 0.005 0,003 0.008 0.005 0.008 
Ventilation Part F 0.005 0,003 0.008 0.005 0.008 
Thermal Part L 0.005 0.003 0.008 0.005 0.008 
Eco-Homes O. DO5 Oý003 
Build control during construction 0.026 
Defects (at handover) &029 0.017 0.039 0,034 0.038 0.040 
Customer acceptance and 0.036 0.021 0,039 0.038 0.038 0040 
satisfaction 
Design flexibility (compatibility & 0.029 0.017 0.039 0.030 0.038 0.040 
adaptability) 
Performance throughout the 0029 0017 0.039 0.004 0.038 0040 
fifecycle of housinq 
Health J Ith & Safety risks Hea 0.010 0.060 0.154 
Safe tV 
- efficiency (conservation of inabili Ener S t gy us a Oý020 0.018 0.042 0,029 0.030 
ty fuel and power) 
Site waste management (during 0,016 0.015 0.038 0.026 0,030 
construction) 
Use of materials 0.016 0.015 0,033 0.017 0.030 
Lifetime Homes 0.016 0.015 0.025 0,030 
Dayliqhting 0.020 0.018 0,025 0,023 0.030 
Orientation of house 0.029 
Process 
Design standardisation & 0.014 0.014 0.044 0.021 0.044 0.013 
repeartability 
Deýiqn flexibility 
Logistics Transportation from factory to site 0,003 0,003 0,013 0.007 0.014 0.004 
Transportation within the site 0,003 0.003 0.013 0007 0.011 Oý004 
Site storage required 0.003 0.003 0.013 0.007 0.011 0004 
Storage required in factory 0 D03 0,003 
Ease of site coordination (e. g. 0.011 0.011 0.040 0.021 0.035 0013 
M&E) 
Site access and planning 0.011 0.011 
Previous experience of the 0.011 0.011 0033 0021 0,035 0,013 
housebuilder 
Procureme Suitability for in-house build 
Historical method adopted by the 0.010 0.004 
nt company 
Possibility of the method being 0.010 0.004 
managed by in house build team 
Height limitations 0.015 0007 
Market availability of the system 0012 0,014 0.025 0 025 0.024 0.007 
Manufacturing capacity 0012 0.014 0 W8 0020 0,024 0007 
Manufacturer/ supplier competency 0,012 0014 0 028 0020 0 024 0.007 
Contractual risk 0024 0,007 
Possiblity, for use in future projects 0015 0018 0023 0,020 0019 0.007 
Regulatory How easy to obtain planning 0.025 
& Statutory permission? 
Acceptance 0.021 
Insurance industry's acceptance Lenders' acceptance 0007 
Insurers' acceptance 0.007 
Warranty providers' acceptEEq O 00 7 
Legalissues 
ý 
9 0 Of 
0.998 1.003 1,0079 0,9998 0.999 0.9998 
Note: The overall weights are not perfectly '1' due to computer calculations. This will not affect the results. 
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